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EDITOR'S FOREWORD

In recent years there has developed among American foresters an
impressive and heartening urge to search for precise solutions to the knotty
problems o f forest management. The ever increasing use o f chemicals as
growth stimulants, as species regulators, and as means o f controlling
destructive organisms in the forest is only one of the many facets of this
healthy curiosity.
The Ninth Annual Forestry Symposium at Louisiana State University
has examined into the progress which has been made to date by forest
scientists in adopting and utilizing these chemicals as forest management
tools. In this respect, these proceedings constitute a report to the prac
tising forester on the success of these activities. He may then choose the
opportunities which unfold before him and adapt them to his own envi
ronment.
The reader is advised that the problems of forest nurseries have pur
posely been omitted from this volume. This topic is one worthy of minute
examination in its own right; however it is pre-forest rather than forest
in nature, hence its elimination from present consideration.
R o b e r t W . M c D e r m id
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PART I:
FOREST FERTILIZATION

BASIC PROBLEMS IN NUTRITION RESEARCH
WILLIAM H. WILLIS, Department of Agronomy
Louisiana State University
Even a casual examination o f the literature on the response o f forests
to fertilization will reveal a variety o f conflicting results. Some studies
show no increased beneficial growth from the use o f fertilizers; others
produce increases o f a magnitude that would appear to justify fully the
use o f fertilizers on tree plantings. Some tests in which the three fertilizer
elements — nitrogen, phosphorus, and potassium — have been applied
separately and in various combinations may show a response only to
nitrogen (N ), while in other cases phosphorus or potassium alone or in
com bination may be beneficial. There are a few reports o f response to
calcium, magnesium, and some o f the trace elements, i.e., molybdenum,
copper, zinc, boron, iron, and manganese. Donald P. White and Albert L.
Leaf (1956) have published a comprehensive bibliography on forest fer
tilization. Very few o f the experiments that have shown any one or a
com bination o f the elements to be beneficial have been continued long
enough, or have in clu d ed su fficien tly accu rate m easurem ents, to show
whether forest fertilization is a sound practice from the econom ic stand
point or to establish a particular set o f conditions under which econom ic
feasibility might exist. This is particularly true in the United States. Such
variable and conflicting results should not be allowed to delay a systematic
approach to the problem o f forest fertilization. The variable and often
apparently conflicting results are what would be expected if the results
obtained in early and current fertilizer experiments with agricultural
crops are considered. There is no reason to expect that all tree species
will respond in like manner to a given program o f fertilization. A dd to
the variety o f tree species the multitudinous soil, temperature, and m ois
ture conditions under which the experiments have been conducted, and
variability o f results can be easily accounted for.

Influences on Plant Growth
Consider fo r a few moments the influences o f fertilizer and other ele
ments on plant growth, the supply and availability o f the elements in the
forested soils o f the southeastern United States, and the utilization o f these
3
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elements by forest species. A logical beginning m ay be made with the
element that has most often proven beneficial in forest fertilization studies
— nitrogen. S. A . W ilde (1958) reports that the total nitrogen content
o f the surface six-inch layer o f virgin forest soils varies from about 0.1
to 0.3 per cent. None o f the sandy forested soils o f the Coastal Plain in
Louisiana will contain more than the minimum figure, i.e., 0.1 per cent,
and many will contain only about one-half that amount.
.Nitrogen might be referred to as the “ rapid-growth element.” The prin
cipal use o f this element by plants is the production o f leaves and stems
and in protein synthesis in cells and in seeds. An excess o f nitrogen may
result in too much carbohydrate being used in protein form ation and
might produce elongated cells with very thin and weak cell walls, a feature
that may lower quality o f w ood. A deficiency o f nitrogen results in a
general chlorosis or pale green color o f the leaves and new stems and is
therefore rather easily detected. N itrogen is usually the m ajor limiting
factor in plant growth in soils o f warm climates because its source is in
the soil organic matter, not soil minerals. High temperatures and high
rainfall contribute to a m ore rapid decom position o f s o il organic matter
and, hence, to a smaller rcsftrap- supply o f nitrogen than is found, in soils
o f co o l clim a te s . Another significant fact with regard to the organic mat
ter in soils developed under forest vegetation is that most o f this organic
matter is concentrated in the upper few inches o f the soil profile, whereas
in prairie soils organic matter accumulations usually extend to a depth
o f two feet or m ore (Lyon, Buckman, and Brady, 1 9 5 0 ). As the litter
on the forest floor is gradually incorporated into the soil by earthworms,
insects, their larvae, and other small animals, the decom position o f the
protein molecule by microorganisms is essential before the nitrogen can
be assimilated by the trees, shrubs, grasses, and legumes. Fortunately not
all o f the protein is decomposed. Some, along with lignin and other resist
ant compounds, go into the synthesis o f humus, a somewhat stable fraction
o f the soil organic matter. The nitrogen in the humus is slowly released,
and the trees, in com petition with other forces, obtain a portion o f it.
U pon decomposition o f the litter the nitrogen is liberated in the form o f
ammonia, which reacts with carbonic acid to form soluble ammonium
carbonate. This ammonium nitrogen is directly assimilated b y the trees
and other plants and by microorganisms. Some may be adsorbed by colloi
dal clay and humus and thus, temporarily at least, be retained in the soil.
I f the soil is not too acid and contains a sufficient supply o f available
calcium, some o f the ammonium nitrogen will be oxidized to the nitrate
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form by specific bacteria. Nitrates are readily used by growing plants and
m icroorganisms, but during periods o f dormancy most o f the nitrate nitro
gen is subject to loss from the soil profile by leaching. Temperatures
are high enough in forested soils in the Southeast during the winter to
permit rather continuous nitrate production.
Since most forested soils are quite acid, it is doubtful whether symbiotic
and nonsym biotic nitrogen fixation would add more than a few pounds
o f nitrogen per acre per year.
Some available nitrogen is brought down to the soil by rainfall and
snow. Measurements made by the Agronom y Department o f Louisiana
State University at Baton Rouge for a six-year period showed an average
o f 9.4 pounds o f nitrogen per acre per year added to the soil in rainfall.
Fifty-four per cent was ammonium and 46 per cent was nitrate nitrogen
(W illis, 195 9).
Lysimeter studies (Willis, 1959) at Baton Rouge showed an average
annual loss o f seven pounds o f nitrogen per acre by leaching from a silt
loam low in nitrogen and with a continuous grass cover. Since the roots
o f grasses more thoroughly permeate the soil than do the roots o f trees
and more thoroughly utilize soluble compounds in the root zone, the
leaching loss o f nitrogen from forested soil would probably be much
greater.
For the purpose o f illustration, certain assumptions may be made that
soil analyses and experimental results show to be reasonable. Assume that
a sandy forested soil contains 0.060 per cent or 1,200 pounds o f nitrogen
per two million pounds o f soil. Two and one-half per cent o f this total
nitrogen can be expected to become available to the trees during a normal
grow ing season. This is thirty pounds per acre o f available nitrogen from
the soil organic matter. A dd to this thirty pounds, nine pounds received
in rainfall, fo r a total o f thirty-nine pounds o f available nitrogen per acre.
Subtract from this total a leaching loss o f seven pounds, and this leaves
a balance o f thirty-two pounds o f available nitrogen per acre per year.
H ow much nitrogen do the trees require? Let us use Frederic S. Baker s
(1950 ) estimates and assume an average annual litter fall o f 3,000 pounds,
dry weight, containing one per cent nitrogen. This means that thirty
pounds per acre o f nitrogen are taken from the soil by trees each year
and returned as litter. In this case then only two pounds o f nitrogen per
acre are available to be retained in the new w ood produced. In soils with
a low nitrogen content it would be expected that an addition o f available
fertilizer nitrogen would increase tree growth. O f course, the big question,
“ Is nitrogen fertilization o f forests economically, sou n d?” remains to be
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answered. With regard to the litter fall, Bryant A. Bateman (1960 ) has
found that from 4,600 to 6,500 pounds o f litter, air dry weight o f needles
only, are produced annually by a good stand o f native thirty-five-year-old
loblolly and slash pine, in a ratio o f three to one, in Tangipahoa Parish,
Louisiana. Louis J. Metz (1952) measured from 4,000 to 5,600 pounds
per acre of litter fall from stands of shortleaf and loblolly pine in the South
Carolina Piedmont. Leaf fall alone varied from 2,900 to 4,500 pounds
per acre and contained from twelve to fifteen pounds o f nitrogen. The
litter fall from hardwoods was o f about the same magnitude.
The element phosphorus is essential for flowering, fo r seed form ation,
and for the changing o f starch to sugar in plants. It is a constituent of
the cell nucleus, is essential for cell division and the form ation o f meristematic tissue. It also strengthens the cells o f w oody tisssue. Phosphorus is
especially important in the production o f a large crop o f viable, seed. The
element becomes concentrated in the seed as they are produced. Pine seeds
contain about two per cent phosphorus. A deficiency o f phosphorus results
in slow growth, delayed maturity, and seed o f low quality. Phosphorus
deficiency symptoms are not as clear cut as are those o f nitrogen and
potassium; however a lack o f lustre and bronzing o f the leaves during the
growing season is a fairly reliable symptom on trees.
A ccording to C. F. Marbut (1935) the total phosphorus content o f the
hill and flatwoods soils o f the Southeast varies from a trace to 0.1 per cent
in the A horizon and may be as high as about 0.6 per cent in some partially
weathered parent materials at a depth o f three or m ore feet. But there
is a vast difference between total soil phosphorus and available phosphorus.
Soil analyses on sandy forested hill soils in Louisiana show an average
o f only about 8-10 p.p.m. (16-20 pounds per acre furrow slice) o f avail
able phosphorus in the A horizon and much less than that in the subsoil.
European data show an average o f about 0.25 per cent phosphorus in the
annual litter fall in pine forests. Three thousand pounds o f litter per acre
would then contain only 7.5 pounds o f phosphorus. It is therefore unlikely
that any significant response to fertilizer phosphorus would be obtained
on forest stands other than those on soils that are very low in available
phosphorus. W ilde (1958) states that a content o f available P O
2

5

o f 50

p.p.m. (2 p.p.m. of P .) in the soil is sufficient fo r most forest species.
H. E. Y oung (1 9 4 8 ), in Australia, has obtained considerable financial
returns from the use o f phosphate fertilizer on slash and loblolly pine
growing on a podzolized soil very low in phosphorus. He found rock
phosphate, a cheaper material, to be as efficient as superphosphate in elim
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inating the phosphorus deficiency and increasing yields. The phosphorus
content o f the needles was related to fertilization and w ood growth.
Phosphorus is accumulated in seeds more than any other mineral ele
ment, yet its supply in an available form in soils is the lowest of the m ajor
elements. Further studies are needed on phosphate fertilization o f seed
trees. I f we consider that fo r longleaf, shortleaf, slash, and loblolly
pine, fou r seed trees o f more than twelve inches d.b.h. are required per
acre fo r adequate reseeding o f adjacent cutover areas and that these trees
must produce 50,000 or more seeds containing 2 per cent phosphorus,
it becomes apparent that this element may be a limiting factor in seed
production on soils o f low phosphorus availability. Baker (1950) esti
mated that fo r longleaf pine 100,000 seeds must be produced per acre for
adequate reseeding o f that species. Forty-two hundred longleaf pine seeds
weigh one pound. Therefore twenty-four pounds o f seed per acre con
taining one-half pound o f phosphorus should be produced. K. F. Wenger
and K. B. Trousdell (1957) found that twenty-five pounds o f 7-7-7 fer
tilizer spread on the ground around seed trees o f loblolly pine on Norfolk
sandy loam resulted in the production o f significantly more cones than
the check trees in the first effective year. This first effective year was the
third growing season after fertilization. The fertilizer did not improve
seed quality. It should be pointed out that, if more available nitrogen is
added as fertilizer, the need fo r other elements, especially phosphorus, is
increased. Fullest utilization o f one added element will not be obtained
unless other essential elements are present in sufficient amounts.
Unlike nitrate and ammonium nitrogen, phosphorus is not lost from
soils by leaching. The tying up of phosphorus in soils that prevent appre
ciable movement o f the element emphasizes the importance of proper
placement o f phosphorus fertilizers in the soil with respect to the root
system o f the fertilized plants. Only a negligible utilization o f phosphorus
results from that applied to the surface o f the soil. If the soil is strongly
acid, aluminum, iron, and manganese will react with soluble phosphorus
and precipitate it as insoluble com pounds. This generally occurs at p,H
5.5 and below. The maximum availability o f added and native soil phosphorus is at a pH range o f 6.0 to 7.O., Even under optimum soil condi
tions fo r availability, and with the best placement, an uptake o f about
one-third o f the added available phosphorus in fertilizers is the best utili
zation that can be expected.
P o tassium plays varied but important roles in plant nutrition. Although
it is not a constituent o f the organic compounds in plants, it is essential fo r
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chlorophyll form ation. Potassium is essential fo r starch and protein formation, h a s a re g u la tin g effect on transp ira tio n a nd the utilization o f
nitrogen and phosphorus in plant cells. It is Important in cell division and
strengthens plant stem s .
Deficiency symptoms o f potassium usually appear first in the older
leaves. In broadleaf plants the leaves turn yellow and then brown at the
edges. The leaf margin may die while the tip continues to grow. On other
plants light yellowish-green streaks appear on the leaves. The potassium
deficiency symptoms that are exhibited by a number o f plants are dis
cussed rather fully by L. C. W alker (1 9 5 6 ).
With regard to all o f the deficiency symptoms that have been mentioned,
it should be pointed out that a deficient nutrient should be added before
the deficiency is severe enough to cause visible symptoms. W hen a defi
ciency symptom first appears, damage to the plant in the form o f reduced
growth has already occurred. Tissue testing for m ajor nutrients offers a
means o f early detection o f deficiencies. It may be too late to correct the
detected deficiency during the current season, except in the case o f nitrogen.
Nitrogen deficiencies may be corrected in a period o f three to five days
with foliar sprays. Additional research may show that other elements,
especially potassium, can be used efficiently in this way.
Potassium-bearing minerals are widelv distributed i n s o i l parent mate
rials. The p o ta s s iu m c o n te n t o f soils in the Southeast is quite variable.
Soil analyses show from a trace to 2.5 per cent potassium in the A horizon
(Marbut, 193 5). A subsoil usually contains slightly m ore potassium than
the A horizon above it. As a result o f hydrolysis o f potassium minerals
the potassium is made available for plants. M uch o f the soluble potassium
is adsorbed by d a y and humus c olloids. In spite o f this adsorption, potas
sium losses from soils by leaching may be. o f sufficient magnitude to
cause a deficiency. This is especially true in very sandy soils o f th e Gulf
Coastal Plain. Possibility o f potassium deficiency in these sandy soils is
increased by the fact that they contain much less potassium than silt loams
and clay loam s; so it is in the deep, very sandy soils that deficiencies o f
potassium are most likely to be encountered.
The potassium content of pine w ood is about 0.1 per cent, or three
times that of phosphorus. Pine seeds, however, contain only one-half as
much potassium as phosphorus, i.e., one per cent. The total uptake o f
potassium per acre is estimated at twelve pounds annually, with eight
pounds being returned to the soil in litter. The trees annually retain about
fou r pounds o f potassium per acre (Baker, 1 95 0).
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According to Baker, the mineral element taken from the soil in largest
quantities b y both hardwoods and pines is calcium. He shows that the
average uptake o f calcium in forests is about sixty pounds per acre, with
ten pounds retained and fifty pounds returned to the soil in litter.
C
promotes
m
lciu
a
the development of a good root system and normal
leaves. It accumulates in the leaves and bark of trees. According to C. E.
Millar (1955) and others, calcium is present as calcium pectate in the
middle lamella of the cell wall. Therefore,
ls
a
w
if calcium is deficient, new cell
are imperfectly developed. Deterioration of the terminal-growth
tissue results.
Fortunately calcium is supplied by a large number of soil minerals.
Most of the calcium-bearing minerals are comparatively easily weathered,
and the calcium i on thus liberated is readily adsorbed by colloidal clay
and humus. Calcium is the principal basic element satisfying the cation
exchange capacity of these c olloids. The adsorbed ions are readily exchange
able and are available for plants. In spite of this adsorption, however, cal
cium is lost from humid-region soils by leaching in larger quantities than
any other mineral element. Its place on the colloidal particles is taken
largely by hydrogen. Thus the soils are continuously becoming more acid.
Published data (Baker, 1950) show that, on average sites, hardwoods
utilize about three times as much calcium as do pines, which explains the
greater tolerance o f pines for soil acidity, but the pines return to the soil
in litter only about 68 per cent o f the calcium assimilated, whereas oak
trees return 84 per cent.
Studies conducted in Europe during the last decade on moderately to
slightly podzolized soils show many beneficial effects o f liming for Nor
way spruce and beech. It is interesting to note that one of the beneficial
effects of lime resulted from its effect on the litter. The organic matter on
the forest floor was decomposed more rapidly, and the nutrient elements
contained were thus released for earlier reuse by the trees. Since forest
species take from the soil and retain more calcium than other mineral
elements, it appears that any comprehensive study of forest fertilization
on the more acid and heavily leached soils of the Southeast should include
the addition of lime.
Space does not permit a critical evaluation of the use o f other necessary
minerals such as magnesium, sulfur, and the trace elements. But with
respect to sulfur, an element in the protein of leaves and seeds, it should
be remembered that burning the litter on the forest floor results in the
loss by volatilization of most o f the sulfur and all the nitrogen in the litter.
Only in rare cases in Louisiana has any response to additions o f trace
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elements to the soil been obtained with agricultural crops. It is presumed
that the same would be true with forest species. At any rate, it would
appear that studies with these elements are not of high priority.
Soils Data Available

At this point the question should be raised as to whether we are making
the fullest use of existing soil survey information in our search for methods
of soil improvement for increased forest production. Soil conservation sur
veys prepared by the Soil Conservation Service had, as their primary
purpose, to serve as a basis for farm planning for soil and water conser
vation, but soil types or soil associations are mapped and need only to be
correlated with site index to serve a very useful purpose in forestry. Very
valuable contributions in this direction are contained in the bulletins: “Soil
Survey Interpretations for Woodland Conservation,” distributed in 1959
by the Soil Conservation Service. One of these (Dean and Case, 1959)
covers the forested coastal plain in Arkansas. The other (Loftin, Clark,
Holcombe, Chaffin, and Fallin, 1959) covers the forested coastal plain
in western Louisiana. In both these publications the soil types are grouped
into woodland suitability groups, and average site indices are presented
for adapted species. The more recent soil surveys made by the Agronomy
Department of the Louisiana Agricultural Experiment Station, with the
Soil Conservation Service cooperating, include results of chemical analyses
on the various horizons of the principal soil types mapped. The analyses
show the total quantities of the nutrient elements present as well as the
“available” supply. These soil surveys also include information on physical
properties such as texture, permeability of horizons, moisture retentive
capacity, profile drainage and range in depth to the water table. All of
these features of the soil influence nutrition and site index.
Basic Research Needs

It appears that the basic problems in research on the nutrition of forest
species include the following:
1. Further technical studies on the specific uses of nutrient elements in
the nutrition of the more important forest species.
2. A careful planning of experimental work, particularly with regard
to location of tests on soil types that are as representative as possible of
the soils on which the species are grown. The total area of soil represented
by the experimental site can be determined from existing soil surveys in
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the area. Full consideration o f soils in locating test sites will result in
a foreknowledge o f location and extent o f the areas to which the experi
mental results may be correctly applied.

3. W hen fertilizer experiments are conducted, full use should be made
o f the more recent developments in tissue testing and leaf analysis to
determine uptake o f added nutrients, the rate o f their absorption, and
places o f concentration o f the elements in the tree. Basic techniques in tissue
testing and leaf analysis are outlined by M. L. Jackson (1 9 5 8 ), C. S. Piper
(1 9 5 0 ), and others (Anonym ous, 194 8).
4. An important problem in forest fertilization is the development of
suitable methods o f application o f the materials. It appears that aerial
applications o f foliar sprays offer excellent possibilities. This is especially
true in the case o f nitrogen and possibly other elements. Cotton, sugar cane,
and other crops respond to urea-nitrogen applied in foliar sprays. Syn
thetic urea, containing 45 per cent nitrogen, is quite soluble in water, and
as a spray it is usually applied at a rate o f about twenty pounds o f nitro
gen per acre in each application. Urea in solution, applied to the leaves
o f plants, is rapidly absorbed and used because the leaves contain the
enzyme urease. Thus the urea is hydrolyzed to ammonium nitrogen:
CO (N H 2) 2 +

2 HOH

urease—

>

(N H 4) 2 CO3 — > 2NH 4 +

C 0 3=

5. In cases where fertilization increases tree growth, it is important to
determine whether w ood quality is sacrificed in obtaining more rapid growth.

6. From our present knowledge o f the use o f specific nutrient elements
by plants it appears that a system o f fertilization suitable fo r cutover areas
where natural restocking from seed trees is necessary would be quite d if
ferent from a fertilization system in an established stand of trees o f uni
form age. Here again is raised the question o f fertilization for adequate
production o f viable seed in contrast to production o f wood.
7. A determination o f the frequency with which the nutrient elements
should be added is an essential part o f fertilizer studies. The fullest effect
o f solid fertilizer nitrogen applied to the soil surface may not be obtained
until the third season after fertilization and may then completely disappear
the follow ing year. Robert Zahner (1 9 5 9 ), in fertilizer tests on four- to
eight-year-old plantations o f loblolly pine in southern Arkansas, found that
diameter growth was stimulated for two years by nitrogen fertilizer. On
the other hand, some European experiments show measurable effects of
added potassium to continue for as long as sixteen years.

8. Accurate accounting records must be kept on the cost o f plant nutri
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ents applied, the labor involved, and the returns obtained. Although costs
and returns vary somewhat from season to season, the farmer can measure
econom ic returns from a given fertilizer in a single year and can decide
before the next growing season whether to continue or abandon its use.
In forest production, however, it is obvious that the accounting period
should include a rotation, i.e., an entire growth and harvest cycle. This
would be a short rotation for pulpwood production, a long rotation for
production o f saw-timber. This is not meant to imply that all forest fertili
zation tests should be o f the long-range variety. Producers cannot wait
that long for answers to all the questions, but some experiments must be
planned and conducted on a long-time basis.
It is apparent that all the needed experimental work cannot be done by
the Forestry Schools, State Forestry Commissions, the United States For
est Service, and other public agencies. Funds for adequate facilities and
personnel are not made available. Private companies are doing much experi
mental work at present and will probably be doing more in the immediate
future. Proper planning and design o f experiments in the beginning will
insure meaningful results. Consultation with those who have had experi
ence in planning and conducting experiments and analyzing the accumu
lated data will be helpful.

DISCUSSION
Question:

Does not burning release an amount o f immediately available
nutrients back into the soil?

Mr. Willis: The burning o f litter on the forest floor does release mineral

elements, potassium, phosphorus, calcium, and others. These
are released largely in the oxide form , and this is important.
In the case o f nitrogen, it is lost by volatilization. The same
is true of sulphur, which is lost as sulphur oxide. So these
two elements are, for all practical purposes, entirely lost.
Question:

You said that hardwoods take more from the soil and add
more to the soil than pine in these nutrients. Would an acre

in mixed pine and hardwoods have a higher percentage of
these nutrients than the same acre o f pure pine?
M r. Willis: That would depend very largely on the quantity o f the avail
able elements in the soil o f the forest on which these trees are
feeding. Trees will take up larger quantities o f certain nutrient
elements than they actually need. That is especially true in
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the case o f potassium. It is known as a “ luxury consumption”
o f an element by a plant.
As to the effects of the combination o f species, the mixed stand
o f pines and hardwoods, I think that there would be a larger
quantity o f the elements in an available form under a mixed
stand than in pine alone because o f the ability o f the hard
woods to extract larger quantities. I am not certain about the
variation in the capacity of pines and hardwoods for the
extraction o f these particular elements, but I think there
would be some difference.

Question:

Are any current studies going on which have been designed
to show the growth per acre o f mixed species as compared
to a pure pine stand?
Might as much pine growth per acre per year be expected
on an acre o f mixed pine and hardwood as might be expected
on the same acre if it were pure pine, provided that the
volume o f pine on the mixed hardwood acre were the same
as the pine volume on the pure pine acre?

Mr. Willis: I would like to ask Mr. Elmer Roth, pathologist for the United
States Forest Service, to answer that question.
Mr. Roth:

W e found on our fertilization project that, where we added
certain fertilizers, added growth resulted in both hardwoods
and pines — the littleleaf-infected trees as well as the healthy
shortleaf pine. I do not believe that there is any particular d if
ference in the amount o f growth obtainable in a mixed stand
as compared with a pure pine stand on any given acre.

Question:

Referring again to the earlier question about the loss of
nitrogen from burning — investigations both in the South and
in the West have shown rather consistently that there is an
increase in available nitrogen after burning and that this
effect continues for a period of from one to three years. Will
you reconcile this with your earlier somewhat contradictory
statement?

Mr. Willis: The source o f the soil nitrogen is the organic matter. Now
if that organic matter is burned, some nitrous oxide might
remain in the residue and be washed into the soil by rain
water. A temporary increase in the quantity o f the available
nitrogen might occur, but the m ajor portion of the nitrogen
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in the organic matter would be lost by volatilization during
the burning process. The amounts o f nitrogen and organic
matter thus destroyed by burning cannot be incorporated
into the soil by the normal activity o f earthworms, larvae o f
insects, etc. If this were continued fo r long periods o f time,
the organic matter content o f the soil would go down to an
exceedingly low level. It would never completely disappear;
fortunately Nature takes care o f that — there would always
be some organic matter and some nitrogen.
The nitrogen content o f organic matter in the soil may be
placed at about five per cent. Obviously then, if the quantity
o f organic matter is decreased, so is the nitrogen. The increased
availability would be very temporary. Another point is indi
cated in the particular cases cited earlier; that soil was very
low in available nitrogen, so any small increase and imme
diate conversion to nitrous oxides which the plants could use
would be quite noticeable in increased growth. I think it
would have been much better not to have burned and to have
applied the available nitrogen required in fertilizer. That, o f
course, is something to be determined.
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FOREST FERTILIZATION RESEARCH AND
APPLICATION IN OTHER COUNTRIES
ALBERT L. LEAF, State University College
of Forestry at Syracuse University
Use o f fertilizers in forestry practices is a broad topic o f international
significance. There is today extensive literature on forest fertilization scat
tered through numerous languages and journals o f the world. This is
evidenced in the Forest Fertilization Bibliography1 (W hite and Leaf, 1957)
which cites 700 references on the use o f fertilizers and soil amendments
in forestry from 237 different journals. Though no claim is made fo r per
fection or completion o f coverage, it is felt that the bibliography is reason
ably accurate, uniform in citation, and includes most publications through
the fall of 1956. The publication is offered as an aid to the practicing
professional forester to help in evaluating possibilities o f this silvicultural
technique for improving site. As may be expected, the largest number o f
bibliography citations are from the United States, com prising 34 per cent;
however, German research comprises 14 per cent; Czech research, 13 per
cent; British research, 8 per cent; and Japanese, Russian, Australian,
Swedish and Danish research, 3 to 4 per cent each. The remaining 15 per
cent o f the citations include research from 22 countries o f Europe, Asia,
and Africa. Relatively remote areas such as H ong K ong, Union o f South
Africa, Nigeria, Madagascar, Trinidad, Tasmania, Republic o f Congo, and
even the very small country o f Luxem bourg are represented by at least
one citation. The references could be grouped by types o f fertilizers,
i.e. nitrogen, phosphorus, and potassium com mercial mineral fertilizers,
organic amendments, and crushed rock and industrial waste, as well as by
types of forest crop, i.e. nursery crop, timber crop, etc. It is sufficient to
state that 36 per cent o f all citations pertain to nursery soil management,
consisting of 41 per cent from the United States, 18 per cent from Czecho
slovakia, 10 per cent from Great Britain, and the remaining 31 per cent
from nine other countries.
To evaluate properly the politically foreign forest fertilization literature
it is necessary to have a basis o f understanding o f their problems which
1Available at nominal fee from Information Service, Nitrogen Division, Allied
Chemical Company, 90 Rector Street, New York, New York.
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differ from problems in the United States. E. L. Stone, Jr. (1 9 5 5 ), report
ing European forest fertilization research, states the difference as follows:
Results of European forest fertility studies may be better understood
if account is taken from differences between American and European
conditions. European forests tend to be more strictly confined to areas
topographically unsuited for agriculture or to soils that are coarsetextured, mineralogically poor, or imperfectly drained. These inherent
soil limitations commonly have been further aggravated by a long history
of extractive use, such as grazing, litter gathering and coppicing, as well
as cutting, burning and cultivation. Much of the “ problem literature”
of the past half-century is concerned with first and second generation
man-made forests having such antecedent conditions. The most nearly
comparable situations in the United States are reforested old fields and
burns, rather than the extensive natural forest areas. Moreover, there
is no close parallel in the United States for the great heath areas of
northern Europe. These were created by continual grazing and burning,
usually on coarse-textured soils very low in weatherable minerals.
The great reforestations and conversions of the 19th and early 20th
centuries were begun before fertilizers were available, and both relative
costs and restricted knowledge about fertility have limited their employ
ment since. Although infertility in a general sense has been recognized
as a problem for a long time, emphasis has been placed on cultural
methods — soil working, nurse crops, legumes, species mixtures, etc. —
of overcoming it rather than direct addition of fertilizers. The great
attention to surface humus conditions in the European literature is in
part a reflection of this emphasis. Wide-spread interest in more direct
means of forest fertilization was delayed by the genuine effectiveness
of such methods under many conditions, together with the many real or
supposed differences between forest and agricultural crop systems, and
perhaps also by a hiatus between forestry and agricultural thought.
Subsequently, however, many fertilizer tests were undertaken, especially
in Germany, and a certain number of measures have passed into practice.
In general, silvicultural research on the Continent uses modern experi
mental design and statistical treatment to a much more limited extent
than the recent English and American investigations, and this fact must
be borne in mind when reading the literature.
The field of forest fertilization may be divided into two broad phases:
(1 ) that dealing with the management o f forest nursery soils, and (2 ) that
in relation to other silvicultural practices.
Due to the tremendous econom ic value of forest nurseries, together with
the drain o f soil nutrient elements in harvesting the nursery crop, use o f
various amendments including commercial fertilizer salts has been proven
and is becom ing com mon practice. Concerning the literature on the use
o f fertilizers in nursery practices, A. Nemec’s work in Czechoslovakia for
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the last twenty-five to thirty years warrants special mention. Nemec has
published numerous detailed reports on nitrogen, phosphate, and potash
nutrition o f species o f spruce and pine. These studies also include com post
fertilizing, liming, cultivating, and other ameliorating practices in forest
nurseries. In 1948 Nemec condensed over fifty publications into a twohundred-page book on the use o f fertilizers in forest nurseries. This book
gives an account o f experiences with the use o f fertilizers in forest nurseries
and summarizes the results o f the author’ s many years o f work in this
field. The introductory part, dealing with selection o f nursery sites and
principles o f nursery management, is follow ed by a discussion o f nutrient
requirements o f seedlings, intake o f nutrients during various periods o f
growth, and symptoms o f malnutrition. Special attention is given to the
role o f micronutrient elements. Soil enriching materials are treated under
fou r headings: organic fertilizers (humus, peat, com post, liquid humate,
and animal manure) and green manure crop s; mineral fertilizers (ash
and lime, nitrogen ( N ) , phosphorus ( P ) , and potassium (K ) fertilizers) ;
crushed rocks (basic igneous rocl^s: basalt, diabase, gabbro, etc.) , and
industrial waste by-products. Attention is given also to the collection o f
soil samples, diagnosis of nutrient deficiencies by chemical analysis o f
green plants, and the maintenance of fertility guided b y soil analysis.
Remarkable results were obtained with the com bined use o f com mercial
fertilizers and legume crops (green manure) as well as with the application
o f crushed basic rocks. The last chapter deals with the behavior o f fertilizertreated stock under field conditions. The literature contains one o f the
most complete lists o f references o f American and international work in
this field published to date.
At this point attention should be turned to the second phase o f forest
fertilization, that concerning plantations. The use o f fertilizers in this
instance is still, in many cases, in the exploratory stage. Here we are faced
with numerous unsolved problems. Such things as forest-tree nutrition and
forest-tree elemental requirements are in need o f

considerably more

investigation.

Research in Long-lasting Fertilizing Materials
The early stages o f silvicultural research in fertilizers date to the mid1800’ s in Germany (Ebermayer, 1 87 6). The German fertilization research
has largely been dictated by local problems o f increasing biological activity
in mor or raw humus problem areas and o f seeking econom ical long-lasting
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Figure 1. Above: Experiment Leckow I — Considerable underdevelopment of plot
lacking potassium and magnesium fertilization. Below: Experiment Däbel—Welldeveloped stand on a plot fertilized with potassium magnesia, [from Detlev Brüning,
Forstdüngung (Radebeul, 1959)]
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fe rtiliz in g m a te ria ls . I n m o d e rn G e rm a n fo re s try , lim in g is b e in g u se d on
a la rg e scale to d e v e lo p fa v o ra b le so il c o n d itio n s . L im in g to g e th e r w ith
n itro g e n fe rtiliz e rs , c u ltiv a tio n , a n d le g u m in o u s c ro p s h a s b e e n u se d s u c 
cessfu lly to m o d ify th e e n v iro n m e n t f o r o rg a n ic m a tte r d e c o m p o s itio n b y
m ic ro o rg a n is m s , c h a n g in g th e ra w o rg a n ic m a tte r in to v a lu a b le a n d s ta b le
h u m u s su b sta n c e s (F a b ric iu s , 1939, a n d m a n y o th e r s ; see b i b lio g r a p h y ) .
O n m a n y sites, lim in g s h o u ld e n a b le p u r e c ro p s o f c o n ife rs to be re ta in e d
w ith o u t f e a r o f f u r th e r soil d e g ra d a tio n (L o h w a sse r, 1 9 5 3 ) . B asic s la g o r
f o u n d ry lim e h a s also b e e n trie d as lim in g a g e n ts (T h e m litz , 1 9 51, 1 9 5 5 ) .
A d d itio n s o f N -P -K fe rtiliz e r su p p le m e n ts h a v e also b e e n in v e s tig a te d w ith
lim in g (A lte n a n d D o e h rin g , 1 9 5 2 ) . H . M a y e r-K ra p o ll (1 9 5 6 b ) d isc u sse d
th e im p o rta n c e o f n itro g e n f o r c o n v e rsio n of ra w h u m u s a n d s u b s e q u e n t
g ro w th im p ro v e m e n t o f p u r e c o n ife ro u s sta n d s . A p p lic a tio n s o f la r g e
q u a n titie s o f lim e is e ffe c tiv e; h o w e v e r th e n itr o g e n re le a s e d as a re s u lt
is fixed a n d u n a v a ila b le f o r som e tim e. C u ltiv a tio n o f lu p in e in th is r e s p e c t
is n o t p ra c tic a l b ecau se of its lig h t re q u ire m e n t. T h e o r d in a r y N f e r tiliz e r
salts do n o t h a v e as r a p id a n effect as d e sire d , so g a se o u s a m m o n ia a p p l i 
c a tio n is reco m m en d ed .
F e rtiliz in g w ith lim e, n itro g e n , a n d g re e n m a n u r in g h a s b e e n in v e s ti
g a te d in A u s tria b y F . H a rtm a n n ( 1 9 5 2 ) , in F r a n c e b y P . D u c h a u f o u r
a n d F . M a n g e n o t ( 1 9 5 6 ) , in th e N e th e rla n d s b y J. L . W . B lo k h u is ( 1 9 5 0 ) ,
in N o rw a y b y H . R o b a k ( 1 9 5 0 ) , a n d in R u s s ia b y V . F . P ro n c h e n k o
( 1 9 4 2 ) . I n fa c t m a n y E u ro p e a n stu d ie s h a v e in v o lv e d lim e a t o n e tim e o r
a n o th e r a n d now h a v e b ecom e m o re c o m p le x , fe r tiliz in g w ith a g r e a te r
v a rie ty o f n u trie n t elem ents.
In

G e rm a n y e a rly in te re s t w as e x p re sse d

in lo n g -la s tin g fe r tiliz in g

m a te ria ls, i.e. tria ls w ith c ru s h e d b a s a lt ro c k in d ic a tin g b e n e fic ia l e ffects o f
b a sa lt d u s t on p o o r sites (A lb e rt, 1936 e t s e q ; G e rth , 1 9 3 9 ; H ilf, 1 9 3 8 ;
a n d R e in h o ld , 1 9 5 2 ). T h is w as la rg e ly a n e c o n o m y m e a s u re o n th e p a r t
o f th e G e rm a n s b e c au se it w as e s tim a te d t h a t la r g e q u a n titie s o f su c h
m a te ria l w ere a v a ilab le . C ru sh e d b a s a lt ro ck , a p p lie d a t th e r a te o f a b o u t
one h u n d re d c u b ic y a rd s p e r a c re o n p o o r s o ils ju s t p r io r to p in e p la n tin g ,
re su lte d in tim b e r v o lu m e a fte r tw e n ty -th re e y e a rs on tre a te d p lo ts o f f o u r
to five tim es th a t on u n tre a te d p lo ts .
O ne o f th e first w e stern E u ro p e a n c o u n trie s w h e re m in e ra l fe r tiliz a tio n
h a s b een m a d e th e o b je c t o f s y ste m a tic e x p e rim e n ts is B e lg iu m . I t is
r e p o r te d th a t th e re s e a rc h w as in itia te d a b o u t 19 0 0 , a n d b e c a u s e o f th e
lo n g e v ity of th e stu d ie s, v a lu a b le c o n c lu sio n s m a y n o w b e d ra w n . O f
n u m e ro u s c o n c lu sio n s th e fo llo w in g a re liste d (G a lo u x , 1 9 5 4 ) :
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1. A growth increase due to phosphorus, potassium, and lime fertilizers
to forest stands on poor soils has been well proven.
2.

On sandy soils the surface application o f fertilizers can give good
results; while on clay soils the best technique is to apply the fer
tilizers in the planting holes, mixing them with the fill.

3. The fertilization gives the plantations a lead which can be evaluated
in years o f growth, in general two to four years, maintaining itself
during the life o f the stand; the total production o f the fertilized
stand can thus be considered as that o f one nonfertilized plus two
to four years o f growth.
One o f the most comprehensive publications dealing with forest fertili
zation is that by Nemec (1950) based on long-term fertilizer trials in
Czechoslovakia. As with the previous mention of Nemec, this 437-page
book is the summation o f numerous technical articles. The first part o f this
m onograph summarizes the research to date on the use o f mineral fertilizers,
peat, or raw humus, mulching with plant residues, and growing leguminous
plants such as perennial lupine or broom in combination with mineral
fertilizers to im prove degraded soils under many conifers and hardwoods.
The second part deals with the results o f trials made by the Institute o f
Biochemistry and Pedology, Prague, in order to determine the most suitable
methods o f fertilizing plantations on different types o f degraded soils.
In the Scandinavian countries — and for this discussion Finland will
be included with Denmark, Norway, and Sweden — forest fertilization
research has been concerned to a great extent with peatlands. In Finland
fertilization trials on drained swampland indicated that three tons per acre
o f ground limestone only slightly affected tree growth, while about five tons
o f w ood ashes per acre, especially on sphagnum bogs poor in nutrients,
greatly im proved tree growth, as did K and P commercial fertilizers
(Lukkala, 1951, 1 9 5 5 ). The Norwegians have been working on fertilization
o f peatbogs, demonstrating that fo r ten years following drainage no forest
vegetation became established but that after N-P-K treatment abundant
pine and birch plus some spruce regeneration occurred (Berg, 1949). Trials
with fertilizers on drained peat lands have been active in Sweden.
C. Malmström’ s reports (1935, 1943, 1950, 1952) on fertilization o f bogs,
including the now-fam ous Alund trials o f w ood ash as a fertilizer for
drained sphagnum bogs, are examples. Following application o f wood ash
at rates o f one and one-half and six tons per acre on plots o f almost treeless
bogs in 1918 and 1926, the bogs first showed improvements in the ground
flora and later developed thrifty young stands o f naturally reproduced
birch, with some Scotch pine and Norway spruce admixed. In 1943 the
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development o f young stands on these plots was highly satisfactory, with
no sign o f decrease or slowing o f growth, although no further applications
o f wood ash had been made over periods o f twenty-five years in one case
and seventeen years in the other; the unfertilized areas were still prac
tically as poor as ever. Fertilizer trials are continuing on peat soils in
Sweden as well as on heathlands there and in N orway (Brantseg, 1941;
Tamm, 1951, 1956a, b ) .
Fertilization trials on both peat bogs and heathlands are also under
investigation in Britain (Zehetmayr, 1951, 1 95 3). British studies will be
only briefly mentioned because they were recently summarized by L. Leyton
(1958) in the Journal o f Forestry. Phosphorus fertilization o f bog soils
and heathlands has now gone into established practice at time o f planting.
Many Sitka spruce plantations on heathland entered a stagnation period
due to nitrogen deficiency. Because o f the expense o f nitrogen fertilizers,
silvicultural practices try to eliminate the com petitor fo r the nitrogen, the
heather, by shading (Leyton, 1 95 4).

Use of Phosphorus and Zinc in Australia
Outside o f Europe and Britain one other area must be mentioned because
o f the unique nature o f the problem. A m ajor contribution to the field o f
forest fertilization is the fertilization trials with phosphorus and the m icro
nutrient zinc in Australia. T. N. Stoate (1950, 1955) reported investigations
extending over nearly a quarter o f a century into the nutrition o f pine in
Western Australia and the successful establishment and growth o f pine
plantations made possible on poor and infertile soils form erly regarded as
unsuitable fo r the purpose. Standards o f relative soil fertility fo r pine
growing have been developed on the basis o f their phosphate content.
Superphosphate is a corrective and preventive in the disorders o f Pinus

pinaster on the poor sands o f the coastal plain and also o f the group o f
disorders leading from “ yellowing” to “ spindle stands” and “ dead top” in
Pinus radiata. Zinc is a corrective and preventive o f the group o f disorders
ranging from “ rosetting” to “ die-back” which frequently result in a dying
o f the leader in Pinus radiata. In such cases zinc can be given to the tree
in almost any manner and still be effective. It can be applied to the ground
as water-soluble salts, or as oxides in the solid form , or solutions containing
zinc may be injected into or sprayed on the tree. W ith some species, dis
ordered trees may be restored to vigorous growth by driving a zinc-coated
nail into the trunk. Probably o f all the effects, the return to normal growth
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o f stunted trees through which a wire netting verm in-proof fence had been
erected is the most interesting. In South Australia there has been greater
opportunity fo r the com mercial use o f fertilizer treatments in Pinus radiata
because o f the large plantations o f that species which have been established.
Zinc is now being used as a step in standard establishment practice, not as
a corrective, but as a preventive of a disorder. Low “ die-back” causes a
malform ation in a number o f trees whose commercial value, in extreme
cases, is entirely lost through a multiplication o f leaders. The application
o f zinc at an early age by spraying a 2½ per cent solution of zinc sulfate
com pletely prevents this occurring and enables the site to produce a higher
volume. Practical results are a yield o f 1,000 to 1,250 cubic feet from
thinning at fourteen years from zinc-treated areas, while untreated controls
may not provide a thinning yield after twice that age. It appears that the
effect o f a corrective treatment is lasting; satisfactory growth has been
maintained fo r sixteen years without further applications of fertilizer. Of
interest has been the good development o f natural regeneration of Pinus

radiata on a fire-killed area previously sprayed with zinc, in contrast with
the disordered condition in the regrowth a few feet away on unsprayed land.
To this point, fertilization has been reported to increase growth o f trees
on poor or deficient sites. Use of fertilizers for special forest crops, i.e.
Christmas tree production studies in the United States, seems not to be
abundant in politically foreign literature. References to the use of fertilizers
to increase insect and disease resistance have been encountered. From
Denmark there is a report on the possible control o f root rot and butt rot
caused by Fomes annosus by superficial planting and application o f lime
and phosphate (J ø rgensen and Treschow, 1948). A similar report from
Pakistan (Hussain, 1952) states that if the soil reaction is raised by liming
to pH 7.5 or 8, sporophore production by this fungus is markedly reduced.
From this brief report, though incomplete, it is hoped that evidence o f
considerable work in forest fertilization outside the United States is
apparent, as well as evidence that many aspects o f the use of fertilizers
in forestry have not been answered. A considerable, ambitious program
o f fundamental research is needed. As stated by Stone (1955) :
Presumably only some of the most conspicuous instances of infertility
are yet known, however, and most of these are insufficiently examined.
Experiments less empirical in concept and better designed will be
necessary before the true extent of infertility as a limiting factor in
forest production can be known. . . Forest fertilization is perhaps most
properly seen as a relatively new and untried silvicultural tool.
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DISCUSSION
Question:

What is your opinion o f the reason for the basic difference in
the magnitude o f growth responses that seem to have been
demonstrated in all o f the foreign research, and the lack o f
such results in our nation, especially in the Southeast? Is this
due possibly to a basic difference in the species or the s o il?

Mr. Leaf:

It is largely a result o f the land-use history in the other coun
tries. All o f the slides shown referred to heath lands or drained
peat bogs. These are the result o f very severe extractive use
fo r a long period o f time. This is very probably the reason why
a deficiency is showing up in response to fertilization here.

Question:

What work has been done with lim ing alone as a treatment in
E urope? If such work has been done, what results have been
achieved to the present tim e?

Mr. Leaf:

A good bit o f successful work has been done, especially in
Germany. The m ajor problem there is the development o f a
very thick raw humus layer, a m or. In such a soil the problem
is one of the unavailability o f nutrients in the organic matter.
Soil acidity is very great in the spruce-m or humus type.
The purpose o f lim ing is. to alter the m icrobiological environ
ment — to accelerate decom position o f the organic matter —
and thus release the nutrients to the trees. Lim ing has been
used, not as an essential nutrient itself to the tree, but as an
indirect measure to alter the pH and to provide a more fa v or
able environment fo r the biological decom position o f the very
thick raw humus layer. This aids in decom posing the organic
material, returning the nutrients to the soil, and making them
available to the tree, and does not do the harm done by burning.
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J. FIELDING REED, A m erican Potash Institute
E x p e rim e n ts d e a lin g w ith th e u se of fe rtiliz e rs in fo re s t p ro d u c tio n are
n o t new . P re v io u s p a p e r s h a v e b r o u g h t o u t th e fa c t th a t such e x p e rim e n ts
h a v e b e e n c o n d u c te d f o r m a n y y e a rs in E u ro p e , a n d in te re st in fo rest
n u tritio n is ev e n o ld e r. I t is p la n n e d h e re to discuss som e of th e rese a rc h
th a t is u n d e r w a y a n d som e o f its a p p lic a tio n s in th e case o f fo re st f e r tili
z a tio n in a re a s o f th e U n ite d S ta te s o u tsid e th e S outh.
In m o st o f th e U n ite d S ta te s th is s u b je c t, u n til recently, h a s been o f only
s e c o n d a ry in te re s t to m o st fo re s te rs a n d so il scientists. T h is is en tirely
u n d e rs ta n d a b le , a n d th e re a so n s f o r th e lim ite d a m o u n t o f w o rk along
fe rtility lin e s a re g e n e ra lly k n o w n . Y e t w ith in th e last fifteen y e a rs we
ha v e seen a n in c re a s in g in te re s t in fo re s t n u tritio n a n d fo re s t fe rtiliz a tio n .
W h y ? N o t b e c a u se it o ffe rs a n y m a g ic c u re f o r th e m a n y p ro b le m s of
fo re st p ro d u c tio n , b u t r a th e r b e c au se we realize th a t th is m u st be in cluded
a lo n g w ith o th e r g o o d p ra c tic e s in v o lv ed in p r o p e r tre e fa rm in g . T he
m o d e rn f o re s t in d u s tr y , in te re s te d in efficient tre e p ro d u c tio n over th e next
fifty y e a rs , m u s t c o n s id e r m o re c a re fu lly a ll g o o d m a n a g e m e n t p rac tic e s —
d ra in a g e , p ro te c tio n , th in n in g , b re e d in g , a n d c e rta in ly fe rtiliz in g . I t is
b e c o m in g e sp e c ia lly n e c e s s a ry to a d d fe rtiliz a tio n to th is list o f p rac tic e s
as w e fin d e v e r g r e a te r p e rc e n ta g e s o f o u r fo re s t p ro d u c tio n on second
g ro w th a n d r e h a b ilita te d a re a s.
I n e x p lo rin g th e lite r a tu r e o v e r th e c o u n try we find it is easy to becom e
c o n fu se d b y th e v a ria tio n s in re sp o n se . E x p e rim e n ts in som e a re a s re p o rt
g o o d re sp o n se to c e rta in n u trie n ts , o th e rs n o re sp o n se to any. R esults a re
re p o rte d f o r so m e sp e cie s b u t n o t f o r o th ers. N o n e o f th is is s u rp risin g
a t th is sta g e o f d e v e lo p m e n t. I n th e e a rly stag es o f e x p e rim e n ta tio n exactly
th e sa m e p ic tu r e a p p e a r e d in stu d ie s o f fe rtiliz in g a g ro n o m ic c ro p s. In
fa c t, these a n o m a lie s a re still e n c o u n te re d , a n d o fte n th is is due to fa ilu re
to c o n s id e r th e m a tte r o f “ first lim itin g f a c to r ” (F ig u re 2 ) . T h is figure
show s th a t w e c a n n o t e x p e ct to d e te rm in e a c c u ra te ly resp o n se to fe rtiliz e r
u n til th e se o th e r f a c to rs , su c h as d ra in a g e , s ta n d , in sect c o n tro l, a n d o th e r
m a n a g e m e n t p ra c tic e s , a re ta k e n c a re o f.
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INCREASING FERTILITY
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Figure 2. True response to fertilizer in the case of any crop cannot be determined
unless other factors are not limiting.
In the evaluation o f forest fertilization in other regions o f the United
States one must consider the various phases involved in forest production.

Forest Nurseries
One o f the earlier programs in which soil fertility was considered dealt
with the management of forest nurseries. First o f all, it has been established
that fertilization improves production in nurseries. Some o f the earliest
work reported on tree fertilization in this country concerned nursery fer
tilization and was carried out by S. A . W ilde and his associates in W iscon
sin. Other early work on nursery fertilization was conducted in the New
England states in the 1930’ s and early 1940’ s. As T . E. Maki (1958 ) has
pointed out, it should be realized that, in addition to the effect o f fertiliza
tion on tree growth in the nursery, the perform ance o f seedlings when
outplanted depends to a large extent on the fertilization practices under
which the seedlings are grown to plantable size. Nursery soil management
practices can influence seedling quality so much that growth rates after
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outplanting may vary over 100 per cent — and the capacity to endure
drought and adverse site conditions also differs.
Use o f fertilizer in nurseries to produce the best possible stock is now
widespread. Current federal and state programs are reviewed in publica
tions o f M ichigan State University (1 9 5 8 ), the American Potash Institute
(1 9 5 8 ), and Duke University (1 9 5 9 ). Much o f the work is basic, and the
results will be applicable to all areas.
Results o f both basic and applied research indicate that there is little
question o f the general need for fertilizer usage in nursery management.
M any believe that the amount of fertilizer used is frequently too meager
to offset the annual nutrient drain from the soil, which is appreciable. To
maintain a satisfactory fertility level in nursery soils often requires greater
fertilizer rates than fo r farm crops such as cotton and corn.

Seed Orchards — Seed Production
An area in which the use of fertilizer seems very promising is in seed
orchards where the object is to produce seed from valuable, genetically
superior trees. Fertilizer shows promise in reducing the time required for
onset o f seed and actually in increasing yield o f seed trees.
In a study o f cone production experiments have been conducted with a
twenty-year-old stand o f open growth Douglas fir in the state o f Washing
ton. The most favorable level o f fertilization gave a four- to five-fold
increase in the number o f cones and a highly significant increase in the
amount o f seed produced. Also, with fertilizer, many smaller and younger
trees bore cones.
During the period 1958—1960 the Intermountain Forest and Range
Experiment Station initiated studies on the effects o f fertilization and other
management practices on seed production o f five- and ten-year-old western
white pines. Similarly, the Oregon State Board o f Foresters is fertilizing
second growth Douglas fir to encourage large annual seed crops.
California workers have been very much interested in cone production
o f sugar pines. One o f the chief deficiencies in reforestation o f cut-over
and fire-destroyed timber stands in California is that most o f the commer
cial conifers do not produce sufficient crops o f seed-bearing cones often
enough. Studies conducted over a six-year period showed that, during the
four-year period when fertilizer may have had an effect on cone produc
tion, fertilized trees produced nearly three times as many cones as
unfertilized trees.
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In general, older as well as recent work has shown that fertilizers can
be very useful and effective in prom oting seed production in forest trees.

Fertilizing at Establishment
A great deal o f interest in recent years has developed over the use o f
fertilizers in establishing stands o f trees. M ore and more areas o f land
are being prepared fo r planting or fo r expected natural seeding. This site
preparation and subsequent forest establishment can involve fairly extensive
and expensive operations. The question is: should these operations include
fertilization? In the United States research designed adequately to answer
this question is essential. There is a lot o f comparatively p oor land
(nutrient-wise) going back into forest production. Much o f this land will
require steps to remedy the low-nutrient status if forest production is to
be satisfactory.
Fertilizing at establishment should eventually be more widely practiced,
but thus far a lot o f the trials have been disappointing. This might seem
strange in view o f the low fertility status o f many o f these soils. But in
many o f the experiments direct application o f fertilizers at time o f planting
or soon after time o f planting has caused salt injury, and there has always
been the problem o f excessive stimulation o f weed and grass growth to
the detriment o f the growth o f tree seedlings. T oo little attention has been
paid to placement, cultivation, and other management practices.
Early work in the United States on the matter o f fertilizing at establish
ment has been reviewed by White and Leaf (1 9 5 7 ). They point out the
frequent failure in these early attempts and attribute it in many cases to
poor choice o f fertilizer materials, inadequate rates o f application, absence
o f adequate experimental controls, and failure to provide fo r
term records.

lon g

Some interesting experiments have been conducted involving the use o f
fertilizer pellets o f slowly soluble urea-form aldehyde resins and super
phosphate (Austin, 1 95 8). One o f the pellets is dropped in the hole with
the seedling at time o f planting. On a field experiment in Oregon involving
five fertilizer types and 960 trees, observations at the end o f the first
growing season showed a 43 per cent increase in tree growth and 54 per
cent increase in the number o f healthy trees. M ichigan also has work
under way on combinations o f placement, use o f pelleted material, and
weed control, but it is too early to evaluate the results.
This very interesting problem o f site preparation and o f fertilizing forest

FOREST FERTILIZATION RESEARCH AND APPLICATION IN OTHER REGIONS

33

trees at time o f planting poses many questions that will have to be solved
by well-planned and carefully conducted research extending over a number
o f years.

Fertilizing Established Stands
M any questions are being raised about the feasibility o f using fertilizers
on established stands. W ill they stimulate volume growth? How about the
effect on w ood quality? Is it practical? A few outstanding examples of
response in the United States are frequently cited in the literature. These
will be discussed, but it should be brought out that long and thorough
research in this realm has been meager. There have been many “ try and
see” reports, but a limited amount o f basic research and not many wellconducted field experiments continuing over the desired number of years
under carefully controlled conditions.
A m ong the outstanding examples o f response is the work conducted
with pine and spruce plantations in the Northeast. These experiments,
started over twenty-five years ago by S. O . Heiberg and continuing to the
present, have been widely reported and quoted.
As a result o f this work, a pamphlet has been prepared and published
by the College o f Forestry at Syracuse, New Y ork (Heiberg, Stone, and
White, 1 9 5 4 ). This pamphlet is entitled “ Potash and Magnesium Fertiliza
tion o f Y oung Pine and Spruce Trees.” It constitutes a break-through in
this realm and outlines a program o f tree fertilization and management
recommended in the state o f New York.
This pamphlet is based on research which showed that the most frequent
cause o f poor growth and discoloration o f young trees grown in the Adirondacks was a lack o f available potassium and magnesium. Experiments con
ducted over a number o f years had shown phenomenal response to potas
sium fertilization and in some instances to magnesium applications. The
recommendation under these circumstances calls for treatment of trees up
to two feet in height with potassium chloride (K C 1), at rates o f two ounces
per tree, or fou r ounces o f Epsom salts. For large plantings, KC1 may be
applied at the rate o f two hundred pounds per acre or Epsom salts at 300
pounds per acre.
No question can be raised about fertilization in sections where known
deficiencies exist and where application o f one or two elements makes the
difference between success and failure. Certainly these have been neglected,
but the big question concerns those situations where no drastic deficiencies
are evident. What will fertilizers do to increase growth rate or improve
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quality ? Here the evidence has been only meager, but it is beginning to be
positive, and optimistic reports are beginning to appear.

M E A N T O T A L H E I G HT IN F E E T
Figure 3. Height growth in 1953 for fertilized and unfertilized Douglas fir trees at
Darrington, Washington. Plot H is the control; plot D received (NH4) 2S04 in July,
1952, and June, 1953. (from Gessell and Walker)
In the Pacific Northwest one o f the big fertility problems in plantations
concerns established stands o f Douglas fir. In 1948 the Forest Soils Com
mittee fo r the Douglas Fir Region was organized (P roc. First California
Soils Conf., 195 8). This organization o f governmental, industrial, and
college representatives has taken the lead in prom oting studies in forest
soil fertility in that area. At the University o f Washington work was begun
in 1949 with solution, sand, and pot cultures, the object being to study
mineral requirements o f the com m on forest species. This work has involved
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observing deficiency symptoms o f all the macro and m icro nutrient ele
ments. It has also included tissue analyses and estimates o f nutrient require
ments. Beyond this, field plots have been laid out involving fertilization
trials prim arily with Douglas fir. Results o f some of these experiments
are illustrated by data in Figures 3 and 4. The nitrogen applications
increased the rate o f height growth from two to three times in all height
classes, with largest trees showing the greatest responses. Subsequent meas
urements on these plots have continued since the dates indicated in the
figure, with substantially the same results. Incidentally, severe frost damage
was encountered in some years, and observations in the plots indicated
that fertilized trees suffered less damage from frost and recovered more
rapidly.

FERTILIZED Douglas fir tree (received (NH4)2SO4 in July
1952 and in June 19539, and unfertilized tree, right, from
Darrington, Washington, plots. The late application of
fertilizer in 1952 had no effect on height growth, so the
trees were nearly the same height at the end of the 1952
season. The photo was taken at the end of the 1954

Figu re 4.
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Data from other plots in Washington show strong responses to nitrogen
fertilization. In several instances there was also evidence that nitrogen
fertilization accented natural com petition on low site areas and hence helped
the thinning process in overstocked stands.
During the 1940’s there was quite a bit o f exploratory work in Illinois,
Indiana, Iowa, and other Midwestern states involving fertilizer trials,
largely on deciduous seedlings. These experiments were conducted largely
by persons interested prim arily in shade trees. The literature contains
few conclusive statements.
White conducted work in New Y ork on the fertilization o f hybrid poplar
and found very significant increases in growth on application o f 1 0 -1 0 -1 0
fertilizer in moderate amounts (3 1 0 -4 8 0 pounds per a cre ). Method o f
placement was important. Fertilizer applied deeply was significantly better
than fertilizer applied broadcast. Response to fertilizer was greater on
tilled ground than on nontilled plots.
Hardwood plantations have always been the foresters’ riddle. H ard
woods are generally more demanding in soil requirements than conifers,
and they should respond more vigorously to soil amendments. This is
borne out by experimental work which has shown that species such as
tulip poplar, ash, and hybrid poplar responded dramatically to higher
levels o f soil fertility, especially to nitrogen.
Some o f the more recent work has been summed up in the Duke U ni
versity Symposium on Mineral Nutrition (1959 ) and elsewhere. The Central
States Forest Experiment Station has two studies o f N, P, and K fertilizers
under way, one with white oak in cooperation with Purdue University,
another on forty-year-old shortleaf pine in Missouri. A long-standing
project in W isconsin, being conducted by the Experiment Station in c o o p 
eration with several paper and chemical com panies in that state, concerns
the use o f fertilizer in forest plantations and second growth stands. The
California Division o f Forestry, in cooperation with the California Spray
Equipment Company, initiated a study in 1957 in N, P, and K applied
from the air to thirteen-year-old Ponderosa pine and fifty-year-old Douglas
fir which thus far shows an increase in the growth rate and a heavier cone
growth fo r both Ponderosa pine and Douglas fir.
W ork at M ichigan State University is quite extensive and includes various
field, laboratory, and greenhouse studies. It is too early to draw conclusions,
but this project should yield a great deal o f inform ation (M ichigan A gri.
Exp. Sta., 196 0).
In connection with application o f fertilizers to established stands, studies
have been made o f distributing these fertilizers on large or inaccessible
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tracts by m odifying aerial techniques used in other branches o f agriculture.
Rather widely publicized experiments involved the aerial application o f
fertilizer to coniferous plantations in New Y ork and in New Jersey.
Im proved growth coupled with increased foliage and soil K level clearly
indicated that the treatment was effective (White, 1956b). W hile economics
has not been a part o f this study, it was found in the New York trials that
two hundred pounds o f potash per acre was distributed satisfactorily by
airplane at an estimated cost of eight dollars per acre.
In trials in W isconsin pneumatic blowers were used to treat an area fifty
to a hundred feet wide using a pelleted material. However, in these experi
ments, access lanes had to be cut for machinery to pass.

Discussion
Studies on fertilization o f forests must consider many angles. For exam
ple, in W isconsin studies are being conducted on the fertility o f forest areas
that are grazed. Grazing sets up a continuing cycle o f soil depletion, and
soil in grazed woodlots becomes more and more lacking in plant nutrients
each year. Another illustration o f difference in approach is a study recently
com pleted by the Northeast Forest Experiment Station determining the
effect o f fertilization on photoperiodic growth o f pine seedlings. Results
showed much greater photoperiodic response when the nutrient level o f
the soil was raised by fertilizers.
In evaluating effects o f forest fertilization it is important to know if
added nutrients cause appreciable changes in chemical and physical p rop
erties o f w ood. In this connection Washington studies on fertilizing and
thinning thirty-year-old Douglas fir are interesting.
Slightly but consistently lower cellulose and higher lignin values in wood
can result from fertilization. Specific gravity decreased follow ing fertiliza
tion and also when fertilization was accompanied by thinning. However,
the increased volume increment resulting from fertilization and thinning
resulted in much more fiber weight than in nonfertilized stands. This is
illustrated by Figure 5. Incidentally, recent studies have indicated that
genetics may affect physical properties o f w ood more than does treatment.
The genetic fertility interrelations are extremely important. A direct
parallel can be found in fertilizing corn. Early studies showed little eco
nom ic return fo r fertilizer applied to corn in this country. With the devel
opment o f new hybrids, fertilization made the difference between profit
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and Thinned
TREATMENT

Figure 5. The effect of fertilization and thinning on modifying growth, summerwood,
and specific gravity of Douglas fir. (H. D. Erickson and G. M. G. Lambert, 1958)
a n d loss. A t low f e r tility lev e ls th e o ld v a rie tie s y ie ld e d a b o u t a s w ell as
th e h y b rid s . B u t w ith h ig h f e r tility levels h y b r id s w e re g re a tly s u p e rio r,
d u e in la rg e p a r t to th e ir a b ility to u tiliz e h ig h e r levels o f p l a n t n u trie n ts .
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Conclusions
It is apparent that over the United States the increasing demand for
maximum production o f quality w ood from an area is leading to more
interest in fertilizers as a management tool. Some of our earlier studies
have been good, but many more carefully conducted studies should result.
One issue that stands out in reviewing the entire matter o f fertilizing
fo r w ood production is the necessity for more carefully defining conditions
under which response could be obtained or not. Studies are getting under
way now in various parts o f the United States that include (1 ) systematic
approaches such as the use o f diagnostic tools (foliar analyses, soil tests,
etc.) as a basis fo r estimating needs, (2 ) effects o f fertilizers on items such
as disease, insect, and drought resistance, (3 )

effects on wood quality,

and (4 ) the need for genetic studies to accompany fertility studies.
W hile there are many good literature references on older and current
work, a resume of the subject can be obtained by reading four or five
selected items. These include the Forest Fertilization Handbook prepared
by the American Potash Institute (1 9 5 8 ), the Symposium on Mineral
Nutrition o f Trees held at Duke University School o f Forestry (1 9 5 9 ), the
Proceedings o f the California Forest Soils Conference (1 9 5 8 ), the First
North American Forest Soils Conference (1 9 5 8 ), and one or two articles
that appeared in the Plant Food Review (White, 1956; Gessel and Walker,
1 9 5 8 ). A list o f current experiments on fertilization is tabulated in an
article entitled “ Fertilizers Can Boost Timber Growth, ’ which appeared
in the December, 1958, issue o f The Timberman (Waugh, 1958).
A good program is under way. Frontiers are being pushed back, and
we should be much nearer the answer in another five to ten years.
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SOME PRELIMINARY RESULTS
FROM FERTILIZING SOUTHERN PINE
WILLIAM L. PRITCHETT, Florida Agricultural Experiment Station
A very comprehensive review o f the progress in forest fertilization in
the South has been recently prepared by L. C. Walker and S. L. Tisdale
(1 9 5 9 ). Their review pointed up the greatly increased interest in research
in forest fertilization which has developed during the past decade. Although
most of the tree fertilization experiments in the South have been established
fo r only a few years, some very interesting results have been reported.
This discussion is limited to some preliminary results from fertilizer
experiments in slash pine plantations and seed orchards on Coastal Plains
soils o f the Southeast — particularly in Florida. The Coastal Plains is an
area o f relatively high mean temperature and annual rainfall, a combina
tion which has resulted in extensive leaching of the soil. The soils, par
ticularly the sands and sandy loams discussed herein, are generally low
in total (Gammon and associates, 1953), as well as available, nutrients.
It is an area where the extensive use o f fertilizers is required for economical
production o f agricultural crops. Furthermore, it is an area where one
might expect response to fertilizer applications to Southern pine, even
though the nutrient requirements o f pine are considerably lower than those
o f agricultural crops (Stoate, 1950).
In order to check the plant response obtained from certain added
nutrients and the econom ics o f pine fertilization under certain soil condi
tions, more than a score o f field experiments involving the addition o f
plant nutrients to pine seed orchards and plantations have been established
during the past five years. These tests have been set up in cooperation with
the University o f Florida School o f Forestry and nine pulp and paper
com panies in the Southeast.
Since only limited flowering has yet been reported in the seed orchards
included in these studies, no statement will be made regarding the effect
o f fertilizers on seed production. On the other hand, annual growth records
have been kept in all o f the experimental areas. Although significant
increases in growth — two to four years follow ing the initial fertilizer
applications — have been obtained in less than one-third o f the trials,
positive results have been obtained in a sufficient number o f the experiments
41
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to indicate that slash pine will respond to fertilizer applications — under

certain conditions. It is the purpose o f this report to review some o f the
experimental results and discuss some o f the conditions which appear to
influence growth response in slash pine.

Soil Chemical Conditions
Although the seed orchards were generally located on the best available
sites, the fertilizer experiments were established over as wide a range o f
soil conditions as possible, in order to study growth response to increasing
amounts o f applied nutrients in relation to soil fertility conditions.

Soil phosphorus levels — One o f the earliest reports on fertilizing slash
pine in Florida was that on two colloidal phosphate experiments established
on Leon fine sand in 1945 by M. Westveld and reported on by R. L. Barnes
and C. W . Ralston (1 9 5 3 ). Significant responses to single broadcast appliTABLE 1. Mean heights of fifteen-year-old slash pine in a plantation fertilized with
various rates of colloidal phosphate at planting (March, I960).
Colloidal Phosphate treatments
No.
1.
2.
3.
4.
5.

Amount
Control
½ ton/acre
½ton/acre
½ ton/acre
4 teaspoonsful/tree

Method of application
None
Broadcast — not disked
Broadcast and disked
Broadcast and disked
4 ft. strips and disked
in planting hole

Mean height
of trees
(feet)

L.S.D. (5% level of significance)

43.5
47.5
48.7
49.5
46.9
4.2

cations o f one-half, one, and two tons o f colloidal phosphate per acre at
planting time were noted six years later. For example, in the UF Conser
vation Reserve Area trees receiving one-half ton per acre broadcast, but
not disked, averaged 26 per cent taller than trees in the control plots. The
same rate o f colloidal phosphate disked into the soil increased height by
30 per cent. One-half ton per acre, applied in fou r-foot strips and disked,
resulted in an increase in height o f 48 per cent. However, fou r teaspoonfuls
o f the material in the planting hole gave no significant increase.
The heights o f six dominant or codom inant trees in the center row o f
each o f the 40 by 80 feet plots were remeasured in March, 1960. The
average heights o f trees, fifteen years after the colloidal phosphate appli
cations, are given in Table 1. The data represent means o f four replications
fo r the treatments mentioned in the preceding paragraph. Trees in plots
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receiving one-half ton of colloidal phosphate per acre, broadcast over the
entire surface and disked or applied in alternate four-foot strips, were
significantly higher than trees in the control plots. Although the per cent
increases in heights over check trees were not as great as at the age of six
years, the treated trees continued to grow at a slightly faster rate than the
trees in control plots.
TABLE 2. Height increase (October, 1957 —February, 1960) of young slash pine in
seed orchard on Norfolk fine sandy loam.
Average growth
in feet

Nutrients applied
ounces per tree
No.

1.

2.

N

P2O5

0
0
0
0
2
2
2
2

3.
4.
5.
.
7.
.
4
9.
4
.
4
.
4
.
L.S.D. (5 % level of Significance)

6
8
10
11
12

0
0
2
2
0
0
2
2
0
0
2
2

k 2o

0
2
0
2
0
2
0
2
0
2
0
2

4.5
5.2
4.8
5.0
4.9
4.6
5.0
5.3
4.4
5.0
4.8
4.6

1.2

The level of available phosphorus* in these two “ flatwood” soils was
classed as “ very low” (2—5 parts per million of P 2O5), according to ratings
used for agricultural soils. The total phosphorus content of the surface soil
(0—6 ") averages approximately 90 p.p.m.
TABLE 3. Average height of young slash pine in seed orchard on Norfolk and Ruston
loamy fine sand, two years after treatments.
Nutrients applied
ounces per tree

.
2

No.
1
.
3.
4.
5.
.
7.
.
L.S.D. (5 % level of

6
8

N

0
0
2
4
4
4
4
4

P2O5

K20

4
4
4

4
4
4
4
4

0

0
2
4
4

0

0
2

significance)

*Extracted with ammonium acetate (pH 4.8).

Average tree
height, feet
5.9

6.6
7.4
7.4
6.9
6.9
7.6
7.6

1.1
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Response to phosphorus, applied as ordinary superphosphate, in three
seed orchard experiments established in 1957 on somewhat more produc
tive soil than the Leon are given in Tables 2 , 3, and 4. These tests were
conducted on N orfolk fine sandy loam, Norfolk and Ruston loamy fine
sand, and Lynchburg fine sandy clay loam, respectively. In each case the
fertilizer materials were applied in a three-foot radius around the base
o f the tree after the grafted trees had been transplanted approximately
one year. Treatments were made annually in early spring. The fertilizer
treatments were applied randomly to ramets o f selected clones. A pproxi
mately fifteen clones were selected in each experiment for replication.
TABLE 4. Average height increase (February, 1958- March, 1959) in feet of seed
orchard trees on Lynchburg sandy loam.
Ounces per tree
Nutrient applied

1

3

N
P 20 5
K20

2.18
2 .0 1

1.97
2.14
2.16

1.99

Three rates of phosphorus
0 , 2 , and 4 ounces of P 2O 5 per tree — were
applied in combination with nitrogen and potassium in the experiment on
Norfolk soil. The increases in tree heights from the period October, 1957,
to February, 1960, are given in Table 2 . There was no significant effect
o f added phosphorus on the height growth of these trees. Extractable
phosphorus in the surface soil was “ low” (5—7 p.p.m. of P 2 O 5 ) .
Superphosphate was applied in the experiment on Norfolk and Ruston
loamy fine sands at rates equivalent to 0 , 2 , and 4 ounces of P 2O 5 per tree.
Treatments, including nitrogen and potassium, were applied annually
from 1957. There were significant differences in tree heights due to fer
tilizer treatments in 1960, as shown in Table 3. Growth response was
associated with the applications of phosphorus and nitrogen fertilizers.
The extractable phosphorus content of the surface soil was “ very low”
(1—3 p.p.m. of P 20 5).
A significant increase in height was obtained from the use of three
ounces of P 2O 5 per tree over that obtained from the one-ounce application
on the Lynchburg soil. Results of this experiment are given in Table 4 .
Extractable phosphorus of this soil was “ low” (4 -8 p.p.m. of P 2O 5) .
The five tests discussed above were established on soils that were “ low”
to “ very low” in extractable phosphorus, according to present methods of
rating for agricultural crops. Soils containing larger amounts of soil phos
phorus were purposely omitted. Although the growth increases due to
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phosphorus fertilizers appear to be related to the level of “ available” soil
phosphorus in these experiments, correlations between these variables have
not been established. Additional research on characterizing surface and
subsoil phosphorus that is available to trees is urgently needed.
Soil potassium levels — The relationship of extractable soil potassium to

the height increases o f seed orchard trees receiving applications of potas
sium fertilizer was also studied. For example, the Norfolk fine sandy loam
used for the experiment outlined in Table 2 contained approximately 55
p.p.m. of ammonium acetate-extractable potassium (K 2O ). In this experi
ment there was no increase in growth from the use of potassium chloride,
applied at rates equivalent to two ounces of K 2O per tree, over the “ no
potash” treatment. Furthermore, the addition of potash to young grafted
trees on Norfolk and Ruston loamy fine sand, containing approximately
45 p.p.m. of K 2O, resulted in no significant increase in growth, as shown
in Table 3. On the other hand, an application of potassium equivalent to
three ounces of K20 resulted in significantly greater tree growth than that
obtained from a one-ounce application on Lynchburg soil (Table 4 ) . This
TABLE 5. Height increase (February, 1959 to February, 1960) of young slash pine
in seed orchard on Plummer sandy loam.
Average growth
Nutrients applied
ounces per tree
in feet
K20
N
No.
3.14
1
3.18
1
.
3.72
3.
3.40
1
4.
3.78
1
1
5.
3.79
1
.
0.42
L.S.D. (5 % level of significance)

.

2

6

0
2
0
2

0
0
0

sandy clay loam contained 35-40 p.p.m. of extractable potash (K 2O ). In
another seed orchard experiment in which zero and one ounce of K20 from
KC1 was applied in combination with 0, 1, and 2 ounces of nitrogen sig
nificant increases in growth were obtained from the potash treatments
(Table 5 ). The fertilizer treatments were applied approximately one year
after the grafted trees were transplanted in the field, and the measurements
were made two years later. In this Plummer sandy loam the initial level
o f extractable soil potash was only 30 p.p.m.
In five other experiments in which various rates of potash fertilizers
were applied to young slash pine seed orchards and plantations no sig
nificant increases in growth have yet been detected. Three of the tests were

46

THE USE OF CHEMICALS IN SOUTHERN FORESTS

conducted on soils containing rather large amounts o f extractable potas
sium. In one experiment, located on Arredonda loamy fine sand containing
about 50 p.p.m. o f extractable K 2O, one ounce o f potash (K 2O) per tree
applied at planting did not increase the growth of trees in the plantation.
In another plantation experiment, 0, 15, 30, 45, and 60 pounds o f K 2O
per acre applied broadcast to four-year-old trees have not increased growth
after two years on Lakeland fine sand containing 4 0 -4 5 p.p.m. o f extrac
table K 20 . In the third test, 0, 1, and 2 ounces o f potash applied to seed
orchard trees growing on Norfolk sandy loam containing over 60 p.p.m.
of K 2O did not result in increased growth.

Figure 6 .

W.

L.

Pritchett

in

plantation of
slash pine.

fertilized

two-and-one-half-year-old

In the remaining two experiments potash fertilizers applied at planting
time in young plantations on light sands containing only 10-15 p.p.m. o f
extractable K 2O did not result in growth increases. In both cases, however,
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TABLE 6 . The average survival percentage and mean height growth of slash pine
in a fertilized plantation.
Height Growth, cm.

Grams applied per tree
No.

N

1.
2.

29
29
29
29
71
71
71
71
50

3.
4.
5.
6.
7.
8.
9.
10 .

0
100

.
1
12 .

13.
14.
15.
16.

p 2o 5

29
29
71
71
29
29
71
71
50
50
50

50
50
50
50

0
100

0

0

50
50

L.S.D. at 5% level of significance

k 2o

29
71
29
- 71
29
71
29
71
50
50
50
50
50
0
100
0

Per cent Survival

12/58 -1 2 /5 9

71.7
56.7
60.0
55.0
65.8
44.2
64.2
16.7
70.0
74.2
53.3
71.7
86.7
67.5
68.3
72.9

64
49
52
52
53
48
55
36
48
40
50
55
56
50
69
43

18.3

17

a suppression of growth resulted from the high concentration of fertilizer
salts applied to the young trees. An example of the results from these
experiments, Table 6 , is discussed in a following section.
Soil nitrogen levels — Significant growth responses to additions of nitrogen

as ammonium nitrate were obtained in the seed orchards on the Tifton
(Table 3) and Plummer (Table 5) soils. No increase was obtained, how
ever, from the use of nitrogen fertilizers on the other two experiments,
Table 2 and 4. In the absence of a satisfactory method of determining
“ available” soil nitrogen, no attempt has been made to correlate responses
to nitrogen fertilizer applications with the results of a soil nitrogen test.
It is likely that a growth response to nitrogen fertilizer can be expected
on many soils if methods of application are used which will prevent salt
injury to young trees. However, the response to nitrogen fertilizers may not
necessarily be related to total nitrogen or organic matter content of the
soil, but rather to the rate of mineralization of this material. Incubation
studies in the laboratory indicate that the nitrification rates in most forest
soils in Florida are extremely low (Pritchett, Eno, and Malik, 1959).
Growth increases following the liming of acid “ flatwoods” soils are prob
ably due to the increased nitrification rates of the organic material in
these soils.
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TABLE 7. Average heights and growth of young slash pine in seed orchard fertilized
with various minor elements in 1957.
Minor Element Treatments*
Rate/acre Rate/tree
Height in inches
No._______ Source_____________Lbs._______ Gms._____ 6/57
10/58 2/60
1.
Cu —CuSO 4
25
8.0
22
43
71
2.
B —Colemanite
25
8.0
25
48
80
3.
Mn —MnSO4
40
13.0
26
48
83
4.
Zn —ZnSO4
25
8.0
25
50
83
5.
Fe —FeSO4
40
13.0
22
49
80
6.
Mo - Na2 M o0 4
1.5
0.5
82
25
48
7.
Check (all)
156.5
50.5
24
45
78
8.
Check (none)
46
79
—
—
25
L.S.D. (5 % level of significance)

Height
Growth
6/57 —2/60
49
55
57
58
58
57
54
54

12.2

*Base treatment of one pound of 8 -8-8 applied to all trees.

Minor elements — No response has been obtained from the application

o f the minor elements (copper, boron, manganese, zinc, iron and molyb
denum), when applied at low rates to young seed orchard trees. An example
of the rates of surface application of these materials and the sources from
which they were derived are given in Table 7. It appears that the amounts
of these elements contained in the Norfolk fine sandy loam, on which this
experiment was conducted, are sufficient for good growth of pine. At the
present time no soils in the Coastal Plains area are known in which growth
response can be expected from the application of minor elements to
slash pine.

Fertilizer Injury to Seedlings
Although a soil may be deficient in one or more of the essential plant
nutrients, a response to additions of those nutrients may not be obtained
due to salt injury. Several instances have been noted where the use of
fertilizers have actually resulted in a suppression in growth, rather than
an increase, even though the level of that nutrient in the soil was very low.
The growth response of pine is influenced by the rate and method o f appli
cation, as well as the type of plant nutrient. This is particularly true of the
soluble salts of nitrogen and potash applied to young pine trees on light
sandy soil. In Florida experiments young trees have been “ burned,” or
their growth suppressed, by high concentrations o f soluble salts equivalent
to that derived from about three hundred pounds per acre of nitrogen (N )
or potash (K 2O) from soluble sources applied broadcast to the surface
soil within the years of transplanting (Pritchett and Robertson, 1960).
While this rate appears extremely high and would seldom be used over the
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entire soil surface, concentrations such as this may often result when the
fertilizer is applied in bands around the young plant.
In another experiment to check the effects of high rate of fertilization,
five rates each of N, P 2O 5 and K 2O (equivalent to approximately 0 , 1 , 2 ,
3, and 4 ounces per tree) were applied to slash pine on Blanton fine sand.
Treatment combinations, using a modified factorial arrangement in ran
domized blocks with three replications, are shown in Table 6 . The fertilizer
treatments were applied in June — approximately six months after trans
planting the seedlings. Individual plots were 70 x 72 feet in size and con
tained eighty-four trees. However, only forty trees per plot were measured,
since border trees were left on all sides to minimize cross-feeding. The
fertilizer materials, ammonium nitrate, concentrated superphosphate, and
potassium chloride, were applied uniformly to the soil surface in three-foot
radius around each tree. This resulted in a concentration around the tree
equivalent to a broadcast application of about one hundred pounds per
acre for each ounce applied.
The average survival in December, 1959, expressed as per cent of the
total number of trees planted in December, 1957, is given in Table 6 . The
fertilizer, applied during a period of hot dry weather, had a significant
effect on tree survival. The best survival (86.7 per cent) was obtained when
the high rate of phosphate was used in combination with the medium rates
of nitrogen and potassium. The poorest survival (16.7 per cent) occurred
when the equivalent of 71 gms. (approximately three ounces) each of
N, P2O5, and K2O were applied in combination. Height growth was also
reduced at the higher rates of application, although significant increases
resulted from the lower rates.
Fertilizer must be applied sufficiently close to young seedlings to make
it accessible to the restricted root system before it is lost by leaching from
sandy soils. Care must be exercised, however, that the majority of the
roots are not subjected to excessive concentrations of fertilizer salt. Deep,
localized placement of the fertilizer, below or on one side of the roots in
the planting slit, appears to be one method of promoting early growth and
reducing competition from weeds with a minimum danger of salt damage.
The use of pellets and sources of nitrogen and potassium of low solubility
would appear to have considerable merit for fertilizing young trees. Tests
are in progress to check these materials and methods of fertilizing trees
at planting time; however, no conclusive results have been obtained as yet.
Until satisfactory methods and materials are developed for fertilizing
young trees, the application should probably be delayed for at least one
year after planting. When fertilizer was applied one year after trans
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planting pine on Lakeland fine sand, a significantly greater growth was
noted in plots receiving applications o f twenty-five or fifty pounds of
8 - 8 - 8 per acre than in check plots. However, when the same rates, equiv
alent to about 0.5 and 1.0 ounce of fertilizer per tree, were applied at
planting time in an adjacent area, no increase in growth was noted the fo l
lowing year (Pritchett and Robertson, 1960).

Figure 7. Applying fertilizer in an experiment on twenty-year-old slash pine in Florida.

Summary and Conclusions
Fertilizer experiments were initiated in twenty-one slash pine seed
orchards and plantations during the past five years. These experiments
have been established over a wide range of soil fertility conditions for
the primary purpose of checking the seed production and growth response
to added nutrients in relation to the contents o f those nutrients in the soil.
Methods and time o f application o f soluble and slowly soluble materials
on young plantations are also being checked.
Flowering in the young seed orchards has been too limited to permit
any evaluation o f fertilizer effect on seed production. On the other hand,
height growth records have been kept in all experiments. These prelim
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inary records show some interesting trends. Significant increases have been
obtained in about one-third of the experiments. While no correlations have
yet been established between the “ available” soil nutrient content and the
growth response to fertilizers, it is possible that the full potential of fer
tilization has not been realized in the relatively short experimental period.
Nevertheless, it now appears that increased tree growth from the use of
fertilizer can be expected only on soils that are extremely low in fertility.
There are millions of acres of sands in the Coastal Plains which are “ very
low” in soil phosphorus. Response to phosphorus has been obtained on
these soils in some long term experiments. There are indications that potas
sium applied to soils containing less than about 40 p.p.m. of ammonium
acetate-extractable potash (K 2O) may result in increased tree growth, if
properly applied. Available nitrogen is low in most forest soils, although
the organic matter content of the surface soil may be high. An application
of lime may improve growth through increased mineralization of this
material in acid “ flatwoods” soils. In no instance has a response been
obtained from the use of minor elements.
If fertilizer is to be used in young pine plantations, care should be
used to avoid soluble salt concentrations near the plant greater than the
equivalent of that in about three hundred pounds of nitrogen (N ) or
potassium (K ) broadcast over an acre. Localized deep placement and the
use o f pellets and slowly soluble materials may reduce the salt hazard to
young trees and at the same time reduce weed competition. However,
present indications are that any fertilizer application should be delayed
at least one year after planting in order to minimize salt injury to the
young seedling and to reduce leaching losses.
Although there are large areas of forest soils in the Coastal Plains
region which are extremely low in one or more essential elements, no fer
tilization program is recommended for slash pine at this time. A pine
fertilizer program for the Southeast in the future will probably be based
on the application of one or two essential nutrients to soils known to be
deficient in those nutrients. This type of program can be expected with
an increase in knowledge on how and where to fertilize and an increase
in the value o f wood products.

DISCUSSION
Question:

You suggested that we should possibly concentrate our
work on better sites. It seems that the sites with which we
are presently dealing are the better sites, and we are not
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getting the expected responses. Should we turn our atten
tion to sites that are below the average?
M r. Pritchett: No. I think I said I would concentrate on the poorer sites

as far as fertility experimentation is concerned because
they are the sites that will pose the m ajor fertiliza tion
problems in the immediate future. Many of the better sites
are going into other programs besides forest production.
In answer to your question as to why the response to fer
tilization is not better on poorer sites in the South, I think
we have not adequately characterized the conditions in
many instances. If “ poorer” means a lack of drainage or
some similar characteristic, then fertilization may not com 
pensate for it at all. It depends on how “ poorer” is defined.
I think it is inevitable that sooner or later there will be
nutrient response if other factors are controlled.
Comment:

Concerning some o f the work with younger pines, most of
the data that has been presented up to now indicates an
increase in height growth. I believe that thought should be
given toward looking also at diameter growth. It is known
that certain elements may increase girth as well as height
growth, and everyone is interested in the volume of wood
that is produced, not simply height growth without increase
in volume.

Question:

You spoke o f methods of application in developing response
to fertilizer. Do you know of anyone who is experimenting
with either ammonium liquid or urea solution as a direct
foliar-applied nutrient?

Mr. Pritchett: I have no personal experience with them.
Comment:

Experimentation with foliar applications, using complete
fertilizers has shown no positive results; as a matter of
fact, they had suppressive effects.

Question:

After how many seasons of experimentation?

Answ er:

After two growing seasons, in a stand o f slash pine about
five years old.
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Figure 8 .

Various soil situations in which southern pines are found. Fertilizer
responses will, of course, vary widely among these soils.

a. Deep organic soils of a North Carolina pocosin. The drainage ditch is about ten feet
deep. Pond pine accompanies loblolly pine on these sites.

b. Another organic soil, of southeastern Georgia, in which cypress occurs with
slash pine.

c. This poorly drained inorganic soil is
oxidized and hydrated and, therefore, yel
lowish in color. It supports fine stands of
slash pine and is closely associated with
the organic soil of “b.” The sites for
photos “b ” and “c” w ere about one
chain apart.

d. Gullied soil of the Piedmont province.
Large root systems are unable to retain
the soil once erosion is initiated, even
though the A horizon is held in place.

e. Another severely gullied soil with sheet erosion also present. Loblolly and shortleaf
pines had been planted on the site.

f. An undisturbed profile of a forest soil; unlike cultivated soils, the
A horizon has not been affected by sheet erosion. Climax-type vege
tation competes with southern pine on these sites, the severity of
competition depending on fire history.

OBSERVATIONS ON FOREST FERTILIZATION
LAURENCE C. WALKER,* School of Forestry
University of Georgia
Reflection on the four preceding comprehensive treatments of forest fer
tilization calls to mind a number of observations pertinent to research and
practices of forestry in the South. These ideas are presented here in essen
tially the order in which the panel speakers discussed them.
1. Dr. William H. Willis, in discussing basic problems in nutrition

research applicable to forests, initially noted the conflicting results reported
on the response of trees to fertilization. This is particularly to be expected
in the South. Throughout this vast region only four species of pines at
one time or another dominate almost all sites except those which are very
poorly drained. And these four species are so closely related that wood
technologists distinguish between their woods with difficulty. Yet these
conifers (shortleaf, loblolly, slash, and longleaf pines) prevail on a range
o f sites extending from the dry, coarse sandhills of west Florida and the
equally dry sands o f the fall line — the relatively narrow zone separating
the Piedmont province from the Coastal Plain — to the intermittently
inundated sites of the Coastal flatwoods. Between these extremes are the
(1) virgin soils of the Coastal Plain, (2 ) poorly drained but not inundated
flatwoods, (3 ) eroded clay soils of the Piedmont, (4 ) fertile limestone
valleys of the lower Appalachian Valley, ( 5) infertile hills surrounding
those valleys, ( 6 ) virgin rocky soils of the Ozark and Ouachita Mountains,
(7 ) pocosin swamps o f the eastern seaboard, ( 8 ) and the Lost Forest
o f South Central Texas. It is conceivable that genetic mutations in some
of these sites may have resulted in inheritance strains nutritionally more
suitable to fertility levels of native soils than would be the case if grown
elsewhere. That strains have developed which are more readily adapted
to local conditions has been shown in the progeny tests of Wakeley, in
Louisiana, and others.
2. Nutrient deficiency symptoms for many elements appear in agricul
tural crops. Forest trees are known to exhibit nitrogen (N ), potassium
*The author is Chairman of the Southeastern Forest Fertilization Task Force
of the National Plant Food Institute.
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( K ), and magnesium (M g) deficiency symptoms under certain conditions.
Perhaps the periodic chlorosis o f southern pines is an indicator o f one
or more nutrient deficiencies. Frequently the chlorosis is consistent through
out the tree. At other times, it may occur on some needles only or may be
apparent only on portions of needles. The southern pine chlorosis symptom
is not consistent in its seasonal appearance. Iron and nitrogen have, var
iously, corrected, improved, or not affected this malady. The cause of the
chlorosis, or chloroses, and the distinctions thereof should be promptly
sought.
3. Willis emphasized well the point that deficiencies are most likely

to occur in deep, sandy soils. That this is also the case for white pine, red
pine, white spruce, and Norway spruce in the glacial outwash sands o f
the Adirondack Mountains has been brought out by Dr. Fielding Reed.
It is logical that a similar situation could prevail for southern pines in the
fall line and West Florida sandhills, particularly if water were not a lim
iting factor throughout much o f the growing season.
4. The uptake and subsequent return to the soil of nutrient elements,

particularly potassium and calcium (Ca) have been emphasized. White
birch is known for its ability to “ forage” for K in lower horizons and,
perhaps, beyond the reach o f its crown. Upon decay o f fallen leaves and
subsequent incorporation o f foliar organic matter with mineral soil, K
level o f the soil is appreciably improved. As a result, white pines beyond
the reach o f white birch crowns, which grow slowly and manifest K-deficiency symptoms, are prolific and appear vigorous under the crowns. This
is borne out in K values for the needles and soil (Table 8 ).
TABLE 8 . Leaf and soil analyses for potassium.
Potassium in foliage*

Exchangeable potassium

White pine
Under birch
crowns

In open

White
birch

Under birch
crowns

In open

Per cent
0.49

Per cent
0.27

Per cent
0.69

Per cent
17.1

Per cent
4.9

*Dry weight basis, August foliage.

Similarly, eastern redcedar effectively returns Ca to the soil surface
in concentrated dosages. This occurs to such a degree that earthworms,
lime-loving creatures, were abundant beneath redcedar trees and absent
beyond the crowns in one experiment (Table 9 ). Dogwood, according to
reports, may behave similarly.
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TABLE 9. Physical and chemical soil properties under eastern redcedar and red pine
in plantations (after Read and W alker).
Plantation A

Property
Volume weight
Moisture
equivalent — %
Infiltration
rate — seconds
Organic matter — %
Calcium — %
pH

Redcedar
.920
15.9
123
4.72
0.108
4.8

Plantation B

Pine

Redcedar

Pine

Statistical
significance
between
species

1.092

0.890

0.947

**

14.0
806
3.06
0.014
4.1

27.6
170
8 .2 1

0.187
4.9

22.8
220
5.59
0.045
4.4

**
*
**
**
**

* = Significant difference: a real difference will occur 95% of the time.
** = Significant difference: a real difference will occur 99% of the time.

These reports of vegetational influences point up the necessity for
retaining certain species on sites depleted of natural fertility through agri
cultural mismanagement and where it is desirable to grow pine timber
in the future. Thus, in the severely eroded Piedmont province in South
Carolina and parts of Georgia and Alabama where littleleaf disease is
widespread, growth of hardwoods and redcedar should be encouraged
regardless of the fear of undesirable hardwoods encroaching on “ pine
sites.” Calcium is known to be deficient on littleleaf sites and the malady
may be lessened by N applications.
5. Willis’ comments on how burning releases N and S through volatili
zation are particularly apt in view of widespread prescribed burning pro
grams in southern forests. With the techniques at hand in the thirties,
Frank Heyward was unable to find any seriously detrimental nutritional
effect of burning to these soils. His was a monumental study and for
twenty-five years has weathered attack and criticism. Now, however, with
more refined analytical techniques, renewed academic interest in this prob
lem may be desirable.
6. Reed referred to the practice in the Pacific Northwest of placing
urea-formaldehyde and superphosphate pellets in holes at time of planting.
This is being tested in several areas with southern pines. At least one of the
recently invented direct seeding machines is equipped to accommodate
fertilizer for placement with seed. In the South it seems apparent that
most injury from fertilizer at time of planting has been due to excessive
competition for soil moisture by weeds which readily respond to fertiliza
tion rather than to salt injury. T. E. Maki at North Carolina State College,
however, has some evidence to refute this suggestion.
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7. Donald P. White’s work with hybrid poplar fertilization in the
North was reported by Reed. Similar favorable responses are expected
with this species in southern plantings. Generally in the South, hardwoods
appear quite responsive to nutritional amendments. Robert G. McAlpine
o f the Southeastern Forest Experiment Station has shown this to be so
with yellow poplar in the Georgia Piedmont. Others have similar data.
8. Dr. Albert Leaf recalled the remarkable results obtained with com
bined use o f commercial fertilizers and legume crops in Europe. Rayonier
Corporation foresters are pursuing this angle in northeastern Florida, and
personnel of the Southeastern Forest Experiment Station are interested
in the technique for rehabilitation o f severely eroded sites on which little
leaf disease is associated with shortleaf pine.
9. Leaf’s notation that German research has largely been dictated by
the local problem o f increasing biological activity in mor, or raw, humus
is important to foresters in the South. There has been no raw humus prob
lem simply because of periodic burning. It is, however, conceivable that
those pine forests in which burning is prohibited may eventually present
such a problem. A build-up of the L (litter) layer six or more inches deep
in a fifteen-to-twenty-year period is possible in pure pine stands in which
fire is excluded. “ Biological deserts,” as far as the soil is concerned, may
result. As in Germany today, future southern foresters may be forced
to lime and to apply N to modify the environment for organic matter
decomposition by microorganisms, changing raw organic matter into mull
or duff-mull. On the other hand, rotations as short as those practiced in
our forest management may be sufficient for prevention of the develop
ment of such unhealthy conditions. Light 8 n the forest floor, and its accom
panying heat, are quite effective in oxidizing raw organic matter. And this
is generally the situation following the final harvest cut of a pure pine
stand.
10. Treatment of peatlands in Scandinavian countries should be of

interest to foresters endeavoring to bring into production the pocosins —
the Indian name for “ swamps-on-a-hill” — in the Carolinas and Virginia.
In contrast to the Norwegian work reported, forest vegetation does become
established following drainage of North American pocosins. West Virginia
Pulp and Paper Company foresters are engaged in trials of fertilization
and drainage along the east coast of North Carolina.
11. Leaf’s comment that, in Denmark and Pakistan, there are reports
that root rot and butt rot caused by Fomes annosus may be controlled
by lime and phosphate applications is encouraging. Many o f us would be
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willing to expend substantial sums to reduce infections of this pathogen
in pine forests of the South.
12.
Dr. W . L. Pritchett’s discussion dealt with southern forest experi
ments, so there are, of course, no analogies or inferences to draw. His
work will stand. A supporting statement, however, regarding an experiment
with slash pine in South Georgia may be of interest.
The plantation was nine years old, spaced 6 x 6 feet, when broadcast
treated with 600 pounds per acre of NH4NO3 (200 ppa N) and 500
pounds per acre 20 per cent superphosphate (100 ppa P 2O5) (Table 10).
Although appearing stagnated, dominant and co-dominant trees were cur
rently averaging more than three feet in height growth per year. The forest
floor was void o f vegetation and an L layer one to two inches thick rested
on the mineral A 2. Soil type is a Lakeland fine sand.
After one year, diameter growth on the N-treated plots was significantly
better (F-test, probability = 1 0 % ) than on check and P-treated plots.
Growth the second year showed a highly significant difference (one per
cent level) in favor o f the N treatment and averaged out to the five per
cent level for the two-year period (Table 10). Height growth differences
for the period were not statistically significant (Table 11). N in currentyear needles sampled in January for N-treated trees was 1.04 per cent
in contrast to 0.967 per cent for check plots.
TABLE 10. Diameter growth of slash pine in south Georgia during two growing
seasons following fertilization.

1960

1960

1958-59

1959-60

1958-60

1958-59

1959-60

1958-60

Increase in d.b.h.
Inches___________ per cent

1959

Average d.b.h
inches
1958

No. trees

600 ppa NH 4 NO3

185

4.31

4.60

4.79

.27

.19

.45

6.3

4.1

10.4

600 ppa NH 4 NO3 +
500 ppa 20% super
phosphate

154

4.50

4.76

4.97

.26

.21

.47

5.8

4.4

10.4

500 ppa 20% super
phosphate

156

4.49

4.71

4.86

.18

.15

.34

4.0

3.2

7.5

Check

158

4.44

4.67

4.83

.20

.16

.36

4.5

3.4

8.1

Treatment

13.

The need for particular research was wisely pinpointed by the dis

cussants. As a point of information, it is here noted that leaf analysis
techniques for appraising forest nutrient levels are being studied by Louis
J. Metz and associates at the Southeastern Forest Experiment Station. W ood
quality effects of fertilization are being investigated by John R. Hamilton
at the University of Georgia, Bruce Zobel at North Carolina State College,
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R. R. Reynolds of the Southern Forest Experiment Station in cooperation
with the Forest Products Laboratory, and others.
TABLE

1 1

. Height of fertilized slash pines.

Treatment
600 ppa NH 4 NO 3

Average
total
height
1960
34.7

Average Height Growth
1958-59
1959-60
1958-60
3.0
5.0
8 .0

600 ppa NH 4 NO 3 +
500 ppa 20% super

35.7

4.2

4.2

8.3

500 ppa 20% super

34.8

3.7

4.4

8.1

Check

35.2

4.0

3.2

7.2

PART II:
USING CHEMICAL HERBICIDES
IN SOUTHERN FORESTS

Foreword to Part II

HERBICIDES FOR
FOREST IMPROVEMENT
JAMES A. CRAIG, Moderator
Until quite recent years man could travel no faster than he, or an
animal which carried him, could run. Then he invented the steam engine,
and his speed increased. Later the internal combustion engine was devel
oped, and this increased man’ s speed still more. On the water, in the air,
man pushed his speed with the gasoline engine faster and faster. But it
appeared that about five hundred miles per hour was the ultimate he was
destined to achieve. Then came the jet engine, and speeds soared again.
But this too was limited by the pull of gravity. .Most recently, the rocket
has opened unlimited space to mankind, and speeds of more than 18,000
miles per hour are now possible.
How long did the rapid progress require? Less than one hundred years.
Foresters may be justly proud of the progress they have made in the
United States in just sixty years. Pride, however, sometimes gives way
to complacency, and this in turn is as destructive to progress as is the
pull of gravity to speed.
The story is told of a pedestrian who saw an automobile rolling past
him, with no one at the wheel. It was moving slowly, but the speed was
beginning to increase. Alarmed, he ran to the car, and opening the door,
pulled the brake. The car stopped. At that moment there appeared a man
who was hot and panting. Said the pedestrian, “ Is this your car? I stopped
it for you.” “ Yes, I know,” replied the owner, “ I was pushing it.”
In our commendable haste to do good, are we holding back real progress?
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BASAL APPLICATION OF HERBICIDES FOR
CONTROL OF WOODY PLANTS
FRED A. PEEVY, Agricultural Research Service
U. S. Department of Agriculture
During the past fifteen years numerous herbicides fo r control o f woody
plants have been evaluated at the Alexandria Research Center o f the
Southern Forest Experiment Station. Herbicides have proved effective as
basal treatments when applied to cut surfaces, as basal stem sprays, or
when applied directly to the soil at the base of trees. The method to use
will depend largely on the species, size o f stems to be treated, density of
stand, and the herbicide that is used.

Cut-Surface Treatments
Frill Method
Frill applications o f esters o f 2,4,5—trichlorophenoxy acetic acid
(2,4,5—T ) kill undesirable species effectively on upland and bottom sites.
Eight pounds o f esters o f 2,4,5—T in one hundred gallons of diesel oil is
effective. Frills should be made near the ground and thoroughly saturated
with the solution for good root kill. Best results were obtained when the
hardwoods were treated during spring and early summer. Cost o f chemical
and labor is approximately 0.6 cent per inch of stem diameter measured
4.5 feet above ground level (d.b.h.) when 21 milliliters (ml.) ( 1 ⅓
tablespoonfuls) o f solution is applied per inch of diameter. For hardwood
control near sensitive crop plants, a solution containing two pounds per
gallon o f ammonium sulfamate (A M S) in water is safer to use than
2,4,5 -T .

Notch Method
Applications of AMS crystals at the rate o f one-half ounce (one table
spoonful) per notch are effective when used throughout the year. Notches
should be spaced four to six inches apart, edge to edge, around the base o f
trees at ground level for killing trees less than eight inches in diameter.
Cost o f chemical and labor is approximately 0.7 cent per inch o f stem
66
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diameter. AMS applied to stumps at this rate also controls sprouting effec
tively. The use of AMS for hardwood control has declined, since less
laborious methods have been developed.
TABLE 12. Effect of esters of 2,4,5—T basal spray applied to bands of various widths
on kill of blackjack oak after three growing seasons for treatments applied April, 1955,
to February, 1957.*
Average all
16—inch
band
bands
Per cent kill
84
78
92
82
April
75
83
63
80
July
71
60
67
85
October
84
78
85
90
February
79
75
77
84
Average
*Each band received 64 ml. of herbicide per inch of stem diameter of a solution con
taining eight pounds of acid equivalent per hundred gallons of diesel oil.
Month

8—inch

12 —inch

band

band

Basal Stem Spray
Trees less than eight inches in diameter can be killed by basal stem
applications at all seasons of the year (Table 12). An effective treatment
consisted of a solution containing eight pounds of acid equivalent of
2 ,4 ,5—T ester per hundred gallons of diesel oil sprayed on the lower 8—12
inches of the tree trunk at the rate on 48 ml. to 64 ml. (314 to 4 table
spoonfuls) per inch of stem diameter. The herbicide should be applied at
pressures of fifteen to thirty pounds per square inch until the solution
runs down the trunk to the root collar (Table 13). This treatment also is
effective on stumps of felled trees provided the entire stump is wet with
the solution. The cost to apply 48 ml. of solution per inch of trunk diameter
is approximately 0.6 cent for chemical and labor.

Tree Injections
In recent years tools have been developed for injecting herbicidal solu
tions into the base of trees. These tools must be sturdily constructed of
corrosion-resistant materials and have heavy blades that are made of metal
hard enough to remain sharp for considerable time but malleable enough
to prevent breakage and to permit successful resharpening. Injections
should be made into the sapwood near ground level, and the injector should
be rocked slightly to form a pocket. The outer edges of the incisions must
be level so that the solution will be retained in the pocket. An effective
herbicidal solution can be made by mixing twelve to thirty-two pounds of
acid equivalent to an ester of 2,4,5 -T with one hundred gallons of diesel

68

THE USE OF CHEMICALS IN SOUTHERN FORESTS

TABLE 13. Effectiveness of esters of 2,4,5—T for control of blackjack oak when applied
in a concentration of eight pounds per hundred gallons of diesel oil as basal spray
treatments in May, 1958, and March, 1959, as shown by data recorded in September, 1959.
Trees with
basal sprouts

Tops dead
Methods of application
1958

1959

1958

1959

Average of
treatments
Trees with
Tops
basal
dead
sprouts

Per cent
Spray lower 2 " of stem and wet soil
within 4 " of trees
Cover soil and spray lower 12" of
stem
Treat 12" band by conventional
method
Protect soil and lower 4 " of stem and
spray 12" band above protected area
Cover stem and roots and spray 6"
band on soil around trees
Girdle — no herbicide applied

10
10

0

92

5

4

92

7

100

100
100
100

23

3

63

73

80

43

100
68

7
70

0
100

25
30

84
84

50
56

0
3

13
62
4
85

oil. Approximately 8 ml. (one-half tablespoonful) o f the solution should
be applied in each incision. For red oak, post oak, blackjack oak, and the
white oaks, injections should be spaced two inches apart, edge to edge,
around the base o f trees less than nine inches in diameter. Trees larger than
nine inches require injections at one-inch intervals. The hard-to-kill species
such as sweetgum, blackgum, elm, willow, water oak, and hickory need
injections one inch apart for stems less than nine inches in diameter and
one-half inch apart for those over nine inches in diameter (Table 1 4 ).
The cost o f using this method o f treating hardwoods with esters o f 2,4,5—T
TABLE 14. Proportion of blackjack and post oak trees killed within thirteen months
after treatment with esters of 2,4,5-T applied with a new type tree injector. Injections
were spaced two inches apart around the base of the stem. _________________________
Average kill
Species and diameter
Tops dead
Tree kill
in inches*
Per cent
Blackjack oak:
99
93
1 -3
100
100
3 -6
99
86
6 -9
97
63
Over 9
97
86
Average all sizes
Post oak:
100
100
1 -3
100
100
3 -6
99
91
6 -9
99.7
97
Average all sizes
*Ten trees were treated per plot for each size class of each species on two plots located
at random with a solution containing twelve pounds of an ester of 2,4,5-T per hundred
gallons of oil applied at the rate of 8 ml. per inch of stem diameter.
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will range from 0.25 to 0.35 cent per inch o f stem diameter, depending
on density o f stand, concentration o f herbicidal solution, and the spacing
o f injections. Injecting 2,4,5—T in this manner is effective at all seasons
o f the year (Table 1 5 ).
TABLE 15. Average mortality in October, 1958, o f blackjack oak trees two to ten
inches in diameter treated during February, May, and October, 1956, with an ester
o f 2,4,5-T applied with tree injectors at the rate of 8 ml. per inch of trunk diameter.
Types o f injectors*
Older
Newer

February

May

68
88

80
84

October

Average
all seasons

Per cent kill
83
91

77

88

* Twenty trees were treated on each of two plots selected at random with a solution
containing thirty-two pounds of 2,4,5-T ester per hundred gallons of diesel oil.

Soil A p p lication s

The application o f 3—(p h e n y l)—1,1 dimethylurea (fenuron) to the soil
at the base o f trees is more effective fo r controlling upland hardwoods than
other herbicides tested by this method. Surface applications are effective
when the herbicide is applied as a spray, as a finely ground powder, or in
pellet form . The rate o f application fo r effective hardwood control is two
grams o f active material fo r each four inches o f trunk diameter (Table
1 6 ). The cost o f chemical and labor fo r applying fenuron as a soil-surface
treatment at this rate is approximately 0.5 cent per inch of trunk diam
eter. A ccording to the information that is available, late winter or spring
is the best time fo r applying fenuron to the soil for upland hardwood con
trol. Also, effective control o f trees less than nine inches in diameter is
obtained when the chemical is injected adjacent to the underground axis
TABLE 16. Results obtained from applying fenuron as a soil-surface treatment to
upland hardwoods in March, 1959, as shown by data recorded in September, 1959.
Dosage
per
tree

Form of
material

Grams

2
2
4
4

2
4
4

8
8

Trunk
diameter

Top
defoliation

Per cent

Inches
Pellets
Powder
Pellets
Powder
Pellets
Pellets
Powder
Pellets
Powder

1 -4
1 -4
1 -4
1 -4
4 -8
4 -8
4 -8
4 -8
4 -8

Trees
dead

92
92
99
98
78

86

89
99
99

72

68
83
75
30
30
48
50

68

Trees
with sprouts

0
5
0
0
0
5
0

5
16
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of the tree. Injections should be made to a depth o f three to four inches,
and one injection is required for each two inches of tree diameter.
Fenuron should not be applied in the root zone of desirable plants.

Summary
Several methods for basal application o f herbicides to woody plants
have been developed. Solutions containing eight pounds of 2,4,5—T per
hundred gallons o f oil or two pounds o f ammonium sulfamate per gallon
o f water are effective for killing trees when applied in frills made around
tree trunks near ground level. For cut-surface treatments, good kill o f trees
under eight inches in diameter can be achieved at all seasons by applying
one or two tablespoons o f ammonium sulfamate crystals per notch in
notches spaced four to six inches apart around the base of trees. This
treatment, when applied on stumps o f felled trees, also controls sprouting.
Trees under eight inches in diameter can be killed at all seasons of the
year by thoroughly wetting the lower eight to twelve inches of the trunk
with esters of 2,4,5—T applied in a concentration of eight pounds per hun
dred gallons of oil. This treatment also is effective when applied to stumps.
Injections o f a solution containing twelve to thirty-two pounds o f esters
of 2,4,5—T per hundred gallons of oil into the sapwood at the base o f trees
is effective for killing woody plants throughout the year when injections
are made one-half to two inches apart.
Upland hardwoods are killed by a soil application of fenuron near the
base o f trees at the rate of two grams per each four inches of trunk diam
eter during late winter and spring.
The cost of chemical and labor is about 0.3 cent per inch o f trunk dia
meter for injecting the herbicide with an injector, compared to 0.5 cent
for soil application. Basal spraying and applying a solution o f 2,4,5—T
in frills cost about 0.6 cent per inch o f diameter, while the old method
o f killing hardwoods with ammonium sulfamate in notches costs about 0.7
cent per inch.

DISCUSSION
Question:

It appears that in tree injection work, the 2,4,5—T has to be
absorbed in the tree in order to do the work. W hy not use

water instead o f oil?
M r. P eev y: Water is used to some extent, but experience indicates that in
some seasons o f the year oil works better than water.
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Question:

A better kill results?

Mr. P eevy: Yes. The same thing happens in the case of frill applications.

A quicker kill and less basal sprouting occurs with 2,4,5 -T
in oil.
Question:

(Continued)
This may be true, but in the long run will there be as complete
a kill with water as with oil solutions ?

Mr. P eevy:

During the main growing season fairly good kills occur when
herbicides are used in water solutions. I have not thoroughly
explored the comparison between water and oil.

Question:

What is the extent of the residual effect of fenuron? Would
it all be used up in a year or two?

Mr. P eev y:

It takes about two growing seasons. Hardwoods were treated
at Alexandria, Louisiana, with fenuron, and pine trees were
planted within one foot of them after one and two growing
seasons subsequent to treatment. Some kill occurred among
the pines that were planted one year after the hardwoods were
treated with fenuron, but little, if any, damage occurred
during the second year.

Question:

What is the correct level of application?

M r. P eevy:

Two grams (as active material) per four inches of tree diam
eter. Fenuron does not come in 100 per cent active material.
The pellets are 25 per cent active, and the powder material
is 80 per cent active, I believe.

Question:

Have you tried fenuron on the cabbage-palm?

Mr. P eevy:

No.

Question:

There are many manufacturers of the 2,4,5—T solution, all
having four pounds of acid per gallon of 2,4,5—T, and each
claims a superior ester for use in forestry. Is there any real
difference in effectiveness?

Mr. P eevy:

There are a number o f ways in which the solution of 2,4,5—T
can be applied, but three different esters were tried experi
mentally and, as far as has been determined, there was not any
significant difference in the quality of the three formulations.

Question:

Is a combination of 2,4—D and 2,4,5—T as good for frills or
injection as straight 2,4,5—T ?

Mr. P eevy:

I have not made that comparison.
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Question:

What method do you use in applying fenuron?

Mr. P eevy:

There are several different methods. In some early tests injec
tions were made in the soil at the base o f the trees with a
special injector; later, a spray of the soil around the base of
the tree was used. In more recent tests the finely ground pow 
der has been applied around the base of the tree. That is
also the way the pellets were applied. Any o f these methods
will kill trees, but applying the pellets is less laborious than
the other methods.

Question:

Is there any residual effect o f the fenuron powder? Would it
affect pine seedlings in the same area? What about planting
shortly after its application?

Mr. P eevy:

At least two years’ wait before planting pine is indicated.
Further testing is needed to confirm this.

Question:

How long do you expect the potency o f this to last in the soil?

Mr. P eevy:

As far as pine is concerned, it would probably continue for
two to three growing seasons after the material is applied.

Question:

How far will the fenuron drift from the tree to which it has
been applied?

M r. P eevy:

No examples of lateral movement in the soil have been
observed. There may be cases where some occur.

Question:

Is there any noticeable effect on the surrounding vegetation?

M r. P eevy:

Yes, but this probably occurred because the roots o f the
affected plants were reaching into the zone o f application of
the fenuron.

Question:

Is fenuron poisonous to livestock?

Mr. P eevy:

No.

FOLIAR APPLICATION OF CHEMICALS
TO WEED TREE SPECIES
JO H N H. KIRCH, Research Forester
Amchem Products, Incorporated
Wlien an attempt is made to kill plants by application of phenoxy type
herbicides to their foliage, it is generally understood that the chemical
will penetrate the cuticle o f the leaf, move across the mesophyll cells into
the vascular system o f the plant, and there be moved in the phloem to the
roots. This has been reported by A. S. Crafts (1953, 1956), 0 . A. Leonard
and Crafts (1956), F. W. Went and M. Carter (1948), J. W. Mitchell
and P. J. Linder (1 9 50 ), B. E. Day (1952), and J. Van Overbeek (1956).
Before a plant is killed in this manner, three fundamental processes must
take place. The chemical must be absorbed, it must be translocated, and
it must produce a lethal effect on the growing tissue of the plant.
In this report a review o f some of the factors known about the mechan
isms o f absorption, translocation, and effect of 2,4-D (2,4-dichlorophenoxy
acetic acid) and 2,4,5—'T (2,4,5—trichlorophenoxy acetic acid) in plants
will be presented, with emphasis on how this knowledge influences the
practical formulation and application of herbicides as foliage sprays to
weed trees. It is not possible here to make an exhaustive review of all the
literature published on the absorption, translocation, and effect of phenoxy
herbicides. The work o f certain people, particularly Dr. Alden S. Crafts,
has been selected to provide background information. For greater detail,
reference is made to the reviews of literature by Crafts (1953) and by
H. B. Currier and C. D. Dybing (1959) cited at the end of this paper.

Absorption
Absorption o f foliage-applied chemical begins with the waxy cuticle
layer that covers the surface of the leaf. This layer is nearly impervious
to water and functions in the prevention of too rapid loss of water vapor
from the leaves. The impervious nature of the cuticle also makes the inward
movement of herbicide solutions difficult. Some chemical enters the leaves
through stomata (Van Overbeek, 1956), but most workers have found
that chemicals in aqueous solutions enter mostly through the cuticle (Fogg,
73
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1948; Norman, Minarik, and Weintraub, 1950; Van Overbeek, 1956; Cur
rier and Dybing, 1959). Both surfaces o f the leaf function in absorption,
but the lower epidermis is usually more permeable than the upper, prob
ably due to thinner cuticle and the presence of more stomata (Currier and
Dybing, 1959).
The substances which make up the cuticle can be classified broadly into
those that permit the passage o f water (hydrophyllic) and those that per
mit the passage of light oils (lip op h yllic). Examples o f hydrophyllic sub
stances are cellulose and pectins. Cutin and cutin waxes are examples of
lipophyllic substances. This has been reported by Crafts (1 9 53 ), J. D.
Skoss (1 9 55 ), R. H. Schieferstein and W. E. Loomis (1956, 1959). The
degree to which these substances are present in cuticle is determined by
the age o f the leaf, its genetic nature, and the ecological conditions under
which the plant is growing.
Early in the season the young leaves of most o f our woody plants have
thin cuticle which may be penetrated easily, particularly by light oils
(Crafts, 1953; Norman and associates, 1950). As the season progresses,
drought, humidity, amount o f rainfall, and aging o f the leaf cause many
woody plants to develop thicker cuticle. The thicker the cuticle, the greater
are the amounts of the lipophyllic and hydrophyllic substances present,
and the more impervious is the cuticle to spray solutions (Crafts, 1953;
Hull, 1958). A knowledge of this variation in cuticle and a realization that
other factors, such as light, temperature, and humidity affect absorption is
o f paramount importance in the chemistry of formulating, and the art
o f applying, herbicides.
Before 2 ,4 -D and 2,4,5 -T can be applied to woody plant foliage they
must be formulated. This means that the relatively insoluble 2,4—D and
2 ,4,5 -T acid must be put into a solution that will penetrate the cuticle of
the plant and then rapidly enter the aqueous phase of the plant and be
translocated.
Nonvolatile waterborne amine formulations, made from dissolving 2,4—D
or 2 ,4 ,5—T acid in a solution o f amine and water, would appear ideal for
this because the herbicide is in the aqueous phase at the time of applica
tion. However, field tests and commercial applications o f the amines have
often given erratic results (Kirch, 1959; Peevy and Burns, 1959). This
could be due to the impervious nature of the cuticle at the time of appli
cation. Recalling that cutin and cutin waxes are relatively impervious to
waterborne compounds, such as the amines, and further, that these two
substances would be very abundant in heavy cuticle formed on older leaves,
or leaves on plants under moisture stress, we have a possible explanation
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for some of the erratic results with waterborne amine sprays applied during
dry weather or late in the season. However, rapid evaporation in high
temperature and other factors, particularly hardness of water, can also
affect the penetration of amine sprays. Unless an amine formulation is
properly sequestered for use in hard water, a white precipitate which is
usually the insoluble calcium salt of 2,4,5 -T will be formed. The preci
pitate not only plugs spray nozzles but is very difficult for foliage to absorb.
Attempts to improve the penetration of amine foliage sprays led to the
development o f oil-soluble amines. Here the amine of 2,4-D and 2,4,5—T
are in an oil-phase, which is emulsified in water. It is theorized that the
amine in the oil phase will overcome the cuticle barrier and still return
readily to the water phase of the plant once the cuticle is passed.
Whether or not there is a ready return to the water phase has not yet
been proven. The fact that kills with foliage applications of the oil-soluble
amines have been equal to, or moderately superior to, waterborne amines,
particularly late in the season or during very dry weather, indicates that
this could be the case (Kirch, 1959; Jeffers, 1960). From field results to
date, compared to low volatile esters, the real advantage that the oil-soluble
amine would offer in foliage spraying would be one of decreased volatility.
A good basic study o f the fate of 2,4,5—T oil-soluble amine once within a
woody plant is needed today.
Esters made from the chemical reaction of 2,4-D or 2,4,5—T acid with
alcohol are generally good penetrators of leaf cuticle, particularly if they
are esters made from alcohols having both water and fat solubility (Crafts,
1953). Esters o f this type take into account the need for penetrating both
the lipophyllic and hydrophyllic substances in the cuticle. Examples of these
esters are the long chain, low-volatile butoxy ethanol and propylene glycolbutyl ether esters.
In contrast, short chain alkyl or high-volatile esters or 2,4—D have not
always produced good results from foliar applications (Crafts, 1953, 1960).
A statement by Crafts (1960) is very informative on this subject of ester
penetration. “ Very rapid penetration of the leaf, as in the case of light
alkyl esters o f 2 ,4 —D, results in rapid injury and failure to translocate
extensively; too slow penetration, as with glycol diesters or with the tetrahydrofurfuryl ester, results in rapid recovery of the treated plants; slow
ordered penetration as in the case of butoxy ethanol or propylene glycolbutyl ether ester or the emulsifiable acid results in optimum results. It
should be mentioned that Crafts’s work in this case was done on grasses
and not woody plants.
The selection of the best ester for penetrating the cuticle with due con
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sideration being given to its volatility and proven biological activity is
fundamental, but there is much more to the making of a good ester brushkiller formulation than just the ester.
Returning to the above quotation, one notices that Crafts not only men
tions the butoxy ethanol and propylene glycolbutyl ether esters, but also
the emulsifiable acid of 2,4—D as producing optimum results.
The presence o f free acid in emulsifiable form in an ester brushkiller
formulation results in a lowering of the pH. Crafts (1953), C. L. Hamner
and associates (1 9 48 ), L. J. Audus (1949), J. L. Weintraub, J. H. Reinhart,
and R. A. Scherff (1 9 49 ), E. W. Simon and H. Beeners (1 9 52 ), G. E.
Blackman and R. C. Robertson-Cunningham (1953), and others show that
maximum penetration and translocation of 2,4—D and 2,4,5—T occur at
pH levels below five. The pH o f an ester containing no free acid would be
approximately seven, while one containing from 5—10 per cent free acid
would be in the pH range of 3—5. We thus expect to get much better pene
tration and translocation from the acid ester than the neutral ester. It
should be emphasized at this point that free acid in emulsifiable form is not
only thought to be beneficial from its effect on pH of ester spray solutions
but also is a very good herbicide formulation by itself (Crafts, 1953).
Further evidence is found in the increasing use of the emulsifiable acid of
2 ,4 —D for weed control. Research foresters in the South are currently test
ing the emulsifiable acid formulation of 2,4,5—T against esters and amines
applied as foliage sprays. As data is gathered on this promising formula
tion, it will be presented at the woody plant section of the Southern Weed
Conference.
In addition to the proper ester and its blending with free acid to produce
a solution pH in the optimum range o f 3—5, another factor — the addition
o f oil — is necessary in formulating ester brushkillers and is believed
beneficial in cuticle penetration (Minshall and Helson, 1948). Crafts
(1953) states that “ . . . oil, soaking into the cuticle, tends to saturate it
with respect to its lipophyllic capacity, and so to free the 2,4—D ester for
movement into the phloem in the aqueous phase.” Not all esters move into
the phloem as esters, according to later work by Crafts which will be dis
cussed under translocation.
The problem involved with oil is the selection of the correct oil and the
proper amount of oil to cause saturation o f the cuticle without severe dam
age to the living cells in the plant foliage. This is true of oil in the fo r
mulation itself and of additional oil that might be added in the field.
Oil phytotoxicity could be one reason why ground foliage applications
of high volumes of the invert emulsion formulations of 2 ,4 -D and 2,4,5—T
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were not as good as conventional emulsions at lower rates and volumes
(Anonymous, 1959).
Invert emulsions are thick white water-in-oil emulsions designed to
reduce herbicide drift. In this type emulsion the oil containing the herbi
cide is in a continuous external phase around the water droplets. In con
ventional oil-in-water emulsions the oil and herbicide are in a discontinuous
oil phase dispersed throughout the water. Besides controlling drift, the
highly viscous invert emulsion, it was thought, would increase penetration
as a result of greater buildup on plant foliage. The fact that the herbicide
is in the external oil phase would then bring it into close contact with plant
foliage. This proved to be generally true, but it seems to be a distinct
disadvantage when inverts are applied to stems and foliage of brush at high
volumes o f four hundred gallons or more per acre (Anonymous, 1959).
Within a matter of hours, the entire aerial portion of the woody plant is
browned out from the build-up of thick, white emulsion on the leaves and
stems. A second year evolution of our own test plots revealed that the
aerial portions o f the original plants were killed, but heavy resprouting
from the root collar zone occurred on nearly all woody plant species
(Anonymous, 1959; Kirch, 1959b). Based on this resprouting, it was
assumed that no translocation of the herbicide into the roots had occurred
and that this was probably due to the rapid injury of the aerial portion
of the plant.
Subsequent greenhouse studies on mesquite (Prosopis spp.) by H. M.
Hull (1959) indicated that better translocation of 2,4,5—T as an ester in
an invert emulsion carrier compared to an ester in oil occurs if light
applications to individual leaves are made. This increased translocation of
the invert emulsion carrier was also observed by J. H. Rediske (1959) on
greenhouse grown red alder (Alnus rubra). This information led to aerial
application of the invert emulsion of 2,4,5—T at volumes of five and ten
gallons per acre. Results generally show that, when these low volumes are
properly applied so that even coverage is obtained, the invert emulsion is
as effective as a conventional emulsion with the advantage of reduced drift
(Darrow and Silker, 1959; Elwell, 1959; Kirch, 1959, 1960). Current
experiments are underway on forest understory weed trees to determine the
effectiveness of the invert emulsion of 2,4,5—T applied at low volumes from
ground mist blower equipment. No one has yet duplicated, under field
conditions, the superior translocation of the invert emulsion observed in
the greenhouse by Hull and Rediske. In the case of mesquite, this could be
due to the much thinner cuticle on greenhouse grown, as contrasted to field
grown, mesquite indicated in other experiments by Hull (1956).
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So far, the effect of cuticle on absorption of 2,4—D and 2,4,5—T into
plant foliage has been considered primarily with emphasis on how the lipophyllic and hydrophyllic substances in cuticle influence the formulation
o f phenoxy herbicides. It would not be correct to assume that cuticle alone
is responsible for the whole process of absorption. It is an important
factor, but so are light, temperature, humidity, soil moisture, pH of spray
solution and surfactants. For those interested in more information on fac
tors affecting absorption, reference is made to the work of Currier and
Dybing (1959).
Once penetration through the cuticle and into the living mesophyll cells
o f the leaf has been accomplished, the mechanism of translocation must
take over to move the herbicide to areas of the plant where it can cause
greatest lethal effect.

Translocation and Effect
Certainly not everything is known about the translocation of phenoxy
herbicides in plants. Most research men agree that this translocation is
dependent on food movement and occurs in the phloem. The movement
is generally toward areas of greatest physiological activity such as the
growing areas of the plant (Crafts, 1953a, 1953b, 1956; Day, 1952; Cur
rier and Dybing, 1959).
The translocation of 2 ,4 -D and 2 ,4,5 -T through the mature phloem cells
is a very unique feature. One would expect these cells to be damaged by
this movement, but they seem to be able to withstand the effect of the
herbicide with little immediate injury. This lack of reaction is believed to
be caused by the fact that they are mature cells with metabolic activities
not immediately affected by the passage of the phenoxy compounds (Crafts,
1960). In contrast, the cells that accumulate these compounds are mostly
meristematic, or young actively dividing cells. Unlike the phloem cells,
these cells respond by increased water uptake, high turgor, abnormal divi
sion and growth, high respiration, and eventual death (Crafts, 1956).
The exact form in which the phenoxy compounds move in a plant is not
definitely known, but it is thought that they move as acids in the aqueous
phase of the plant (Crafts, 1956, 1959, 1960; Van Overbeek, 1956). In
a recent report on work with the isopropyl ester of 2,4—D on barley, Crafts
(1960) found that in penetrating the cuticle this particular ester was
hydrolyzed. The C—14 tagged alcohol chain remained in the leaf, and the
ions of 2 ,4—D acid moved downward in the phloem. It is not known whether
or not this is the fate of the heavier low-volatile esters. If this were true,
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then esters as such would function in initial absorption as previously indi
cated, but due to their breakdown in the leaves they might not function in
subsequent translocation.
It is important to understand that Crafts and others (Leonard and Crafts,
1956; Minshall and Helson, 1948; and Mitchell and Linder, 1950) still
stress the value o f esters, oils, and emulsifiable acids in initial absorption
and that what is being investigated here is the subsequent movement of
these compounds in the plant after absorption.
There is a great deal more to the mechanisms of absorption, transloca
tion, and effect of phenoxy compounds in woody plants than has been
presented briefly here.
All of the information that has been covered to this point has been of a
basic nature, presented to aid in understanding why certain phenoxy herbi
cide formulations are used, or are being tested, and how it is hoped they
will aid in moving 2,4-D and 2 ,4,5 -T into and through plants. In the final
section of this report an attempt will be made to relate this information
to the practical application of the phenoxy compounds, as foliar sprays,
to forest weed species.

Foliar Application
Recalling the work of Crafts, previously cited (1953a, 1956, 1960),
optimum results can be expected by using esters with a slow order of
penetration, such as the butoxy ethanol and propyleneglycol butyl ether
esters. The effectiveness of the butoxy ethanol ester of 2,4,5—T applied to
foliage by aerial application has been reported by F. A. Peevy and P. Y.
Burns (1 9 59 ), R. A. Darrow and T. H. Silker (1959), and H. M. Elwell
(1959).
In all foliage applications, ground or aerially applied, the prevention
of injury to the mesophyll and phloem cells by too rapid penetration is
extremely important (Crafts, 1953a). In order to perform its killing func
tion 2,4,5—T must be translocated by these cells to the roots. The longer
these cells can be kept alive, the greater will be the build-up of 2 ,4,5 -T
in the roots.
Since it is generally assumed that 2 ,4,5 -T moves with the plant foods, the
timing of foliage sprays must coincide with downward food movement in
the plant. Hence the recommendation to spray after leaves have fully
developed on the weed tree species.
_
As the season advances, there are indications that straight diesel oil as
a carrier may be beneficial for weed tree control, providing total volume
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applied per acre is five gallons or less (Kirch, 1 9 59 b ). What must be con
sidered when oil is used as a carrier for foliage-applied 2,4,5—T is the
presence or absence o f conifers and the condition o f the weed tree foliage.
Severe damage can result from two pounds o f 2,4,5—T applied in a total
o f five gallons o f oil per acre on young conifers. Where young conifers
8—10 feet high are present, it is generally not advisable to use straight oil
as a carrier because of the danger o f conifer injury. Also, poor results
can be obtained on the weed trees if their foliage is too sensitive to the oil
at the time o f application. More research is needed on the proper time to
use oil as a carrier for low-volume ground applications.
There are many pieces o f ground equipment used to apply foliage
sprays o f 2,4,5—T to forest weed trees. Those that apply low volumes of
three to five gallons per acre seem best adapted to the problem o f conifer
selectivity.
In the South the use of tractor-mounted and portable mist blowers for
application o f 2,4,5—T at low volumes to forest understory weed trees is
proving to be one o f the most effective and economical methods o f con
trolling small understory weed trees. Rates are held to two pounds per
acre, and total volume ranges from three to five gallons, generally as an
oil-water emulsion. The pattern o f spray droplets deposited by the mist
blower evidently does not cause the severe injury to the conifers that can
occur when higher volumes (30—40 gallons per acre) are applied.
Neither does this pattern seem to give too rapid a kill on the weed tree
foliage. C. E. Fischer and D. W . Young (1 9 50 ), and Fischer (1952),
working on mesquite in Texas, recommend a droplet treatment as compared
to a film application that covers the leaf. When these spray droplets land
in restricted areas, even though these are injured, as long as injury is not
too severe, food movement from the remainder of the leaf will provide
transport o f the herbicide. It is true that higher volumes per acre give
better control on some weed trees, but they can also be more damaging
to the conifers.
There is much yet to be learned in foliar application of herbicides in
forestry. Scientists have learned much about the absorption, translocation,
and activity of the phenoxy compounds.
Chemists have taken this knowledge and used it to improve the form 
ulation of phenoxy herbicides, and foresters have contributed greatly
to the practical application o f the phenoxy compounds in the field.
Still there is much that is not known. We say that 2,4,5—T moves with
the food in a plant. Why does it not move as well in a red maple as in a
silver m aple? If 2,4,5—T moves to growing points of the plant, why does

FOLIAR APPLICATION OF CHEMICALS TO WEED TREE SPECIES

81

it not kill the vigorous basal sprouts that occur on many of the oaks and
hickories after foliage sprays? This last is one of the greatest single prob
lems in the foliage application of chemicals to weed trees in forestry. A
way must be found to activate the dormant buds that give rise to these
sprouts while there is still sufficient 2,4,5—T in the plant to move into these
sprouts and kill them. Good basic experiments by research foresters using
radioactive 2,4,5—T and other advanced techniques available today could
contribute greatly toward solving this problem of sprouting following fo li
age spraying. It is hoped that their curiosity will have been aroused by
this recital of some of the unsolved problems in this field. They will find
willing cooperators in their investigations.

DISCUSSION
Question:

Mr. Kirch:

Question:

You said that many researchers concluded that most of the
absorption occurred through the cuticle and not through the
stomata. Is reason given for this?
This is a case where basic research is needed. There is really
no definite knowledge about this process within the leaf itself.
It is said that there is a diffusion of the chemical through the
cuticle or that there can be a physical entrance through the
stomata. We need to know more about this process.
Sprouting was mentioned earlier. In which species is this

important?
Mr. Kirch: There are some serious problems in Louisiana with notorious
sprouters like persimmon, red maple, ash, and locust. Some
oaks, notably blackjack, give trouble, but most oak is easily
Question:
Mr. Kirch:

killed.
If sprays are used on a temporary basis, is there enough
sprouting there for continued growth?
Yes, there is, in many cases. If only one weak sprout occurs,
that is usually not enough to support a tree. However, if there
are several sprouts, these will grow and where there was one

stem before, there may now be seven or eight.
Question:
Would this be enough to overtop the desirable tree?
Mr. Kirch: Yes, probably as a multistem tree, but it could recover as a
normal single-stem tree — and this could cause suppression
of desirable species. In the case of pine release, the pine grows
too rapidly to be suppressed by basal sprouts.
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USE OF AIRCRAFT FOR FOLIAR APPLICATIONS
OF HERBICIDES IN SOUTHERN FORESTS
PAUL Y. BURNS, School of Forestry
Louisiana State University
Millions o f acres in the South have hardwood brush interfering with the
growth of the more valuable pine. In the past fifteen years methods of
weed-tree control based on ground application o f chemicals have been
widely used. More recently foresters have looked to the airplane and heli
copter to reduce the cost of herbicide application, following the lead of
aerial sprayers in agricultural crops.
The earliest known research in aerial spraying o f woody plants with
hormone herbicides was conducted on rangeland in Oklahoma and Texas
in the late 1940’ s. In 1953 C. Hawkes reported results o f airplane
spraying o f 2,4—D in Oregon to free conifers from hardwoods. The next
year airplanes were used in the Lake States to spray 2,4,5—T for releasing
red pine from overtopping oaks (Coulter and Ralston, 1954). Aerial spray
ing for releasing conifers has now become accepted practice in the forests
o f the Lake States (Arend, 1959).
Following this development in that area, aircraft spraying for conifer
release has been tried in the Northeast (McConkey, 1958) and in the South
(Darrow, 1957; Ray, 1957). At the 1960 meeting o f the Southern Weed
Conference five technical papers were presented on the subject o f aerial
spraying, reporting results in Arkansas (Ray, 1960), Texas (Silker and
Darrow, 1960), Louisiana (Box and Burns, 1960), Tennessee (Goodrich,
1960), Georgia, South Carolina, and Virginia (Miller, 1960). Several
southern companies are using the new technique in their silvicultural oper
ations (Figure 9 ).

Chemicals Used
The most commonly used chemical in aerial spraying for pine release is
2,4,5—trichlorophenoxy acetic acid, generally referred to as 2,4,5—T.
Related chemicals sometimes used are 2,4—D and silvex. L. L. Coulter
(1958) has presented an excellent explanation for the layman as to what
these chemicals are and how they work. These compounds are hormones
84
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Figure 9. A hardwood kill of nearly 100 per cent was achieved on this Arkansas
ridge by spraying in late May with two pounds of 2, 4, 5-T in five gallons of oil
per acre.

or growth regulators and are selective in that species vary considerably in
resistance to them. The exact mechanism by which these chemicals cause
death o f sprayed trees is unknown, but they usually bring about a deple
tion o f carbohydrate reserves, which could be the cause of death.
The ester formulations of hormone herbicides are commonly used in
spraying. Commercial ester formulations are oily liquids that dissolve in
other oils and disperse in water. The heavier esters, such as the propylene
glycol butyl ether group, butoxy ethanol, and iso-octyl, do not readily
vaporize and are called “ low volatile.” The salt formulations, including
amines, are soluble in water and do not easily volatilize.
A partial list o f commercial tree-killing chemicals was given by L. C.
Walker (1956). The most satisfactory chemical for hardwood control by
aerial spraying in the South and Lake States is a low-volatile ester of
2,4,5—T. There appears to be no conclusive evidence that any one lowvolatile ester o f 2 ,4 ,5—T is superior to the others for aerial spraying in
the South. In choosing a chemical for hardwood control it is important
that the supplier can be depended on to furnish a reliable product.
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Carriers for the Chemicals
Number Two diesel oil or fuel oil is probably the most common carrier,
although 2,4,5—T may be applied in water alone. The Brush Control
Research Committee o f the Southern Weed Conference recently recom
mended 1:3 oil-water emulsion. In the usual oil-water emulsion the oil glo
bules are suspended in water; however, a new interest has developed in
testing an “ invert” emulsion in which water droplets are suspended in oil
(Kirch, 1959). The major advantage o f the emulsion over that usually
employed is in reducing spray drift, since it is thick and creamy.
There seems to be no general agreement as to the effectiveness o f oil as
a carrier as contrasted to the water-borne emulsion; oil or oil-water is
usually as effective as, and frequently better than, water.

Emulsifiers, Mixing of Chemicals, and Droplet Size
Compounds sometimes used with the hormone herbicides are wetting
agents, penetrants, emulsifiers, stickers, and “ creeping agents.” These
materials are designed to aid the active chemical in gaining entrance to the
living plant tissues. Little research has been published on the effects of
the additives.
Mixing and loading equipment, tanks, booms, nozzles, and other equip
ment for aerial spraying were described by S. F. Potts (1958) in his
recent book on spray equipment.
Herbicides must generally be mixed rapidly and the aircraft filled
promptly because o f the limited amount o f flying time in a day. H. M.
Elwell (1959) gave recommendations for preparing a standard emulsion
o f 2 ,4 ,5 - T ester, diesel oil, and water. The herbicide and oil should be
mixed together and added to clean water which is relatively low in car
bonates and sulfates. The mixture should be circulated until a uniform
whitish color forms.
In most spray planes mixing continues in flight, and the mixture is
constantly agitated.
Size o f the spray droplets has a considerable effect on the results
obtained in aerial spraying. Large droplets are caught by the overstory
vegetation, but fine fog-like droplets will cover everything clear to the
ground. However, when using droplets o f small size the results may be
spotty because o f excessive drifting of the spray (Rudolf and Watt, 1956).
Hawkes’s (1953) study in Oregon with Douglas fir reported little drifting
o f spray itself, but vapors from the iso-propyl ester o f 2 ,4 -D spread as
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much as one-eighth mile against the breeze and up to half a mile with
the breeze. The droplet size can also be so large as to have poor coverage
and spotty results. W. G. Dahms and G. A. James (1955) stated that,
where the droplet size was fifty to one hundred microns in diameter
drifting of the spray was not excessive and good coverage was achieved.
The droplet size generally used is comparable to a medium or light rain.

Aircraft and Spray Equipment
The majority of the aerial spraying of herbicides has been done with
three types of aircraft: Stearman biplane, Piper Super Cub, and helicopter.
However, the modified Stearman biplane is the aircraft most used in the
South; these planes are regularly used in agricultural “ crop dusting”
(Figure 10).

Figure 10. A Stearman biplane regularly used in crop dusting can be modified for aerial
spraying of forest stands. The flag underneath the airplane is used to mark the center
of each swath. (Photo by Louisiana Forestry Commission)

Aerial spraying is especially adapted to large continuous areas. Fixedwing planes that can land on small fields near the point of application are
desired in flat country, whereas the helicopter, being more maneuverable,
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is better suited for rough and inaccessible areas. The high speed o f fixedwing planes restricts them in their vertical movements, but they can do
the jo b more cheaply on gentle topography. The helicopter possibly can
give better results in rough topography or with hard-to-control brush
species because o f the slower speed, uniform spraying height, and the
down-draft o f the rotor (Walker, 1956; Ray, 1957).
The Stearman biplane and Piper Super Cub are modified for aerial
spraying in that the wing section has a high-lift design. This is fo r the
greater lifting power needed for the extra load o f the spray tank, liquid,
and other equipment. On all the aircraft either a hydraulically-driven or
propeller-driven gear pump unit is installed which operates a boom
equipped with twelve to sixteen nozzles. Many different nozzles can be
used, but best results have been obtained using nozzles that will open at
twenty to thirty pounds pressure (Ray, 1957). This type o f nozzle has a
diaphragm or ball check that can be closed at the end o f each run. The
boom should be large enough in size to prevent the pressure from dropping
at the end nozzles during the actual spraying.
Spray equipment must be calibrated to insure that an even application
o f the spray is made at the proper rate over the area.

Volume of Spray and Amount of Herbicide Per Acre
One to two pounds acid equivalent1 o f 2,4,5—T is the usual range of
rates per acre. Most o f the tests o f aerial spraying have been done in this
range o f rates. Rates above two pounds generally produce a slightly greater
kill, but the increased cost is excessive for the increased kill produced.
Rates below two pounds are effective on easy-to-kill species; in Texas
effective topkill o f hardwoods can be obtained on oak and gum by appli
cations o f 1.5 pounds of 2,4,5—T ester per acre (Darrow and Silker, 1959).
The volume o f spray used generally varies from two to ten gallons per
acre. The most commonly used volume is five gallons per acre. The rate
per acre should be governed by the density o f the overstory hardwoods
and the brush to be controlled as well as the species of brush. Rates of
eight to ten gallons per acre may be necessary for certain situations; how
ever, the volume o f spray applied per acre, because of its effect on costs,
should be kept at the lowest rate which will produce the necessary hard
wood control.
To obtain satisfactory hardwood kill in some cases, it will be necessary
1Manufacturers of 2,4,5—T specify on the labels of their products the acid equivalent,
by weight, per gallon of product.
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to spray the tract one or two years after the initial spraying. It is probable
that one or two pounds per acre of 2,4,5—T will suffice for the re-spray.

Marking of Boundaries and Spray Swaths
Boundaries of each tract to be sprayed should be clearly identified for
the pilot by the owner. Many types of devices have been used for this
purpose, including flags in trees, neoprene balloons filled with helium,
smoke pots, smoke candles, previously-killed corner trees, plastic balls
on antenna poles, mirrors, tinfoil, and colored paper. There are advantages
and disadvantages to each of these methods, and the problems has con
tinually vexed foresters arranging for aerial spraying. Different pilots
require different degrees of ground markings for accurate navigation.
The forester’s job may be simplified by placing major responsibility on
the pilot for marking areas to be sprayed.
For precision swath location, flags mounted on poles which are moved
along as the spraying proceeds are used, if the timber is short and the
flag can be seen. A back-pack dust blower has also been successfully used
for swath marking in tall, relatively open timber. One company flagged
each flight strip by use of two trailer-mounted retractable television tow
ers which extended to a height of one hundred feet (Lupa, 1958). For
commercial application it may not be necessary to mark each flight
swath.
Although the aircraft lays down a spray swath about sixty to one hun
dred feet wide, flight lines are placed much closer in order to get overlap
ping arid complete coverage. Flight lines will ordinarily be from twenty
to forty feet apart.

Season of Application and Weather Conditions
The best time of the year to spray is the season when the hardwood
leaves are fully expanded and are synthesizing food beyond the needs of
the leaves. At this time food is being transported out of the leaf and down
ward to the stem and root, taking the herbicide along with it.
Hardwood kill resulting from aerial spraying in southern Arkansas in
1956 was best in early June; spraying in April, early May, August, and
September averaged kills of less than 50 per cent (Ray, 1959). In northern
Louisiana spraying in late April proved to be too early in the season to
get good results, and spraying in September proved to be too late for e ec
tive kill (Box and Burns, 1960). Applications of 2 ,4,5 -T esters gave best
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control in Texas when made from early May to early July (Darrow and
McCully, 1959). Elwell and associates (1956) suggested early June as the
best time for spraying in Oklahoma.
The time o f day best suited for aerial spraying is early morning or late
in the afternoon when the air is nearly calm and stable. A wind o f six miles
per hour is the generally accepted maximum at which spraying should be
attempted. Turbulence at mid-day makes for dangerous flying conditions
and will cause the chemical to drift to other areas. On rare occasions, in
perfectly calm and stable conditions, aerial spray has “ hung up” for several
hours; then after a wind sprang up, the chemical was carried to adjacent
areas where it was not wanted.
For best kills the soil should have adequate moisture for good growth
at the time o f spraying and for several weeks thereafter.
Ideally, air temperature at the time o f spraying should be sixty-five to
eighty degrees F. (Ray, 1957).

Stand Conditions Suited to Aerial Spraying for Hardwood Control
Because o f the high fixed costs o f preparing for an aerial spray job, this
technique for hardwood control has more application to large forest tracts
than to small ones.
The stage o f stand development needs to be carefully appraised before
aerial spraying is attempted, in order that pines to be released will be
able to take advantage of the increased growing space resulting from the
death o f associated hardwoods. In general, aerial spraying is best suited
to stands which have an overstory o f oak, hickory, and gum, and an under
story of pine. In planning for stand conversion from hardwoods to pine,
pine seedlings may be planted during the winter under the hardwoods,
followed by a spraying in June; this has the advantage of having the pine
present and ready to take advantage o f the increased growing space immed
iately. Aerial spraying may also be used as a site preparation technique
prior to planting pine.
Where there are dense understories o f hardwoods, repeated aerial spray
ings will probably be necessary to control the hardwoods, or else some
other control technique should be applied.
Aerial spraying has seldom been applied to bottomland hardwood stands.
Results are not generally satisfactory in this forest type because o f the
abundance o f resistant species. Also, in the coves, ravines, and creekbottoms frequently found in pine and pine-hardwoods regions, aerial spray
ing has not been successful for the same reason.
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Arranging for Aerial Spraying and Preparing Spray Contracts
Aerial spraying is generally done on a contract basis. A number of firms
offer this service in the South, and some of the chemical companies will
assist foresters planning a spray operation.
Spraying contracts should include provision for (1) properly licensed
plane and pilot, ( 2 ) proof o f Wo rkmen' s Compensation insurance, ( 3 )
exemption o f the company or agency from damage claims based on injury
to pilot or damage to plane resulting from service performed, ( 4 ) supplies
to be furnished, (5 ) description of area to be sprayed, including acreage,
( 6 ) rate of application in gallons per acre, (7) exact description of chem
ical to be used and rate per acre, ( 8 ) responsibility of operator for proper
application, (9 ) re-spraying if needed, (10) method of application, (11)
responsibility for directing spraying, ( 12 ) dates and times of spraying,
(13) marking tract boundaries and flight lines, and (14) rate of pay.

Hazards and Precautions
Precautions must be taken in regard to safety for the pilot, flagmen, and
aircraft. The aircraft must be properly licensed. Safety features for the
pilot should include shoulder harness and safety helmet (Potts, 1958).
Metal poles for flagging are dangerous to use in the vicinity of electric
power lines.
Possible damage to nearby agricultural crops is an important considera
tion. Injury due to drift of droplets or vapor may occur if spraying is
done on a windy day. Cotton, alfalfa, tomatoes, clovers, peanuts, water
melons, and other broadleaf plants are extremely sensitive to small amounts
of 2,4—D and 2,4,5—T, particularly to the former. State laws and regulations
restrict aerial spraying, and all spraying should be done in conformity
with these regulations.
Precautions should be taken to avoid costly mistakes. Some of the things
that can go wrong on an aerial spray job, together with the necessary
precautions, are listed below:
1. Equipment not properly calibrated. A trial run should be flown using
water in the tanks of the aircraft, so that adjustments can be made prior
to the actual spraying of the chemical.
2. Chemical not properly mixed.
3. Spraying the wrong area. The pilot and the flagmen should be prop

erly briefed on where they are to go and when. If possible, have air-toground radio communication; if not, have a previously arranged system
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o f signals so that the pilot can tell when something has gone wrong and
he should return to the loading area for instructions.
Excessive drift o f the spray. Cease spraying when the wind is too
strong. Also, have the aircraft fly as close to the tree tops as it is safe. Avoid
spraying near sensitive agricultural crops. In certain situations, use the
invert emulsion, rather than the conventional emulsion.
4.

Effects of Aerial Spraying on Hardwoods
Killing hardwoods with hormone herbicides is a tricky business. Rarely
or never is a 100 per cent kill effected. The hormone tree-killers are very
selective; some hardwood trees and most conifers have an inherent resist
ance to their action. Some o f the factors which probably affect the resistance
o f a plant or a species to these sprays are: ( 1 ) kind of chemical being
used, ( 2 ) amount o f chemical which gets on the plant, ( 3 ) stage o f growth
o f the plant, which in turn is affected by temperature and soil properties,
(4 ) age o f the plants being treated, (5 ) plant vigor, ( 6 ) kind o f carrier
used in the spray, (7 ) amount of carrier which gets on the plant, ( 8 ) size
o f droplet in the spray, and (9 ) weather conditions.

Figure 1 1 .

Aerial spraying with 2, 4, 5-T ester in Louisiana for hardwood control
and pine release.
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Occasionally spectacular hardwood kills have been obtained by aerial
spraying (Figure 11 ) ; in Lower Michigan over 90 per cent of the overstory
oaks were killed with no subsequent sprouting, and underplanted red pine
was undamaged (Coulter and Ralston, 1954). Offsetting the spectacular
kills are rather ragged kills occasionally occurring for unknown reasons.
The evaluation of the effects of aerial spraying on hardwoods has not
been standardized by foresters. Sometimes the percentage of the trees
which are root-killed has been reported, other times the percentage of topkill, or just plain “ kill.” Results sometimes are broken down for reporting
purposes into ( 1 ) effects on the overstory and ( 2 ) effects on the understory.
R. A. Darrow and W. G. McCully (1959) reported that in Texas, over
the period 1951—57, the percentage of root-kill from aerial applications
of 2,4,5—T ester at two pounds per acre averaged 52 for post oak, 23 for
blackjack oak. A repeat application with 0.75 to one pound per acre within
one or two years stepped up the post oak root-kill to 78 per cent and the
blackjack oak root-kill to 51 per cent. In their tests silvex ester was more
effective on these two species than 2,4,5—T ester; a single application of
silvex at the two-pound rate averaged 70 per cent root-kill on post oak,
33 per cent root-kill on blackjack oak; a repeat application consisting of
an original rate of 1.5 pounds followed by 0.75 pound produced 82 per
cent kill on post oak and 72 per cent kill on blackjack oak.
H. C. Ray (1959) reported hardwood kills in extensive 1956 Arkansas
tests ranging from 33 per cent in mid-April to 85 per cent in early June and
diminishing to 29 per cent in late September. In these tests 2,4,5—T ester
was applied in oil-water emulsion at the rate of two pounds acid equivalent
in five gallons o f liquid per acre.
In Missouri applications of 2,4,5—T or 2,4,5—TP in oil, five gallon solu
tion, two pounds per acre, released shortleaf pine from hardwoods (Rogers,
1958). Ninety per cent of the hardwoods defoliated during the first growing
season, and about half of these trees died after two years.
In southwestern Louisiana top-kill results with 2,4,5—T ester, two pounds
in five gallons per acre, oil-water emulsion, averaged 70 per cent in a
mixed stand of oak, gum, hickory, and red maple (Peevy and Burns, 1959).
Essentially the same treatment, applied in northwestern Louisiana, pro
duced top-kills varying from 100 per cent for blackjack oak and hickory to
zero for hackberry and water oak.
Based on Louisiana tests, the following list of common species is given
in order of susceptibility to damage by 2,4,5—T ester, the most susceptible
listed first: sweetgum, post oak, blackjack oak, black oak, southern red
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oak, black gum, white oak, hickory, water oak, winged elm, and red maple
(Burns, 1959).
Basal sprouting o f hardwoods after being sprayed with 2,4,5—T is
generally negligible.
In addition to a variation by species, aerial spraying may vary in effect
with site differences. Ray (1959) reported that in Arkansas, the better the
site index (fo r shortleaf pine), the poorer the hardwood kill.

Effects of Aerial Spraying on Pines
Permanent herbicidal damage to southern pines is generally negligible
at rates o f less than three pounds per acre of 2,4,5—T. As a rule, within a
few weeks after spraying some o f the pine needles turn brown, then drop
off later in the growing season. A year after spraying pines generally
appear to have fully recovered.
In eastern Texas T. H. Silker and R. A. Darrow (1956) noted no bud
or terminal shoot damage after spraying longleaf and Sonderegger pine,
although the two- and three-year-old needles were burned and dropped
o f f ; loblolly and shortleaf pines responded similarly but to a lesser degree.
New terminal shoots on loblolly were scalded and killed back on many of
the exposed trees, particularly on the windward side when directly under
an airplane flight line.
In the Lake States damage to conifers is avoided by spraying in the
late summer after the new growth has hardened off (Arend, 1959).
There is some evidence that 2,4—D is more damaging than 2,4,5—T to
pine. In Louisiana spraying with a mixture of 2,4—D and 2,4,5—T caused
pine tips to curl, whereas this effect was not noticeable on pines sprayed
with 2,4,5—T alone.
The effect of the hormone chemicals on pine cones and pine seed has
not been sufficiently investigated. In a Louisiana study spraying with
2 ,4 ,5 —T ester resulted in many loblolly pine cones damaged, some by split
ting, some by inability to open, and others by failure to grow to full size
(Burns, 1958). However, spraying did not decrease viability of seed in
normal-appearing cones, and a tally of the prospective cone crop scheduled
to mature thirty months after spraying indicated that the spraying would
not decrease the production of seed from cones formed subsequent to the
application of the chemicals. Ray (1959) reported that many thousand
acres o f treated pineland in Arkansas have been restocked to pine by
natural seeding.
The increase in pine growth brought about by release from overtopping
hardwoods is well known to foresters. In Arkansas, where pines have been
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released by aerial treatment, pines grew 60 per cent more during the second
growing season than unreleased pines (Ray, 1959). In Alabama released
loblolly seedlings grew almost three feet per year during the second and
third years after removing the oak overstory, while unreleased seedlings
were only 1.7 feet taller after three years (Smalley, 1959). Fortunately,
for pine release, complete control of all competing hardwoods is not neces
sary. Survival and growth of understory pine is directly related to the
amount of release provided.
Seedlings of the major southern pines growing beneath hardwood trees
invariably die if they are not released; a Louisiana study showed that the
average period of survival of loblolly pines beneath overhead shade was
five years (Chapman, 1945). However, seedlings that are not overtopped
at the age of at least three years have a good chance of outgrowing com
peting hardwoods.

Cost and Financial Benefits of Aerial Spraying
Cost of aerial spraying will vary with the region, the method of applica
tion, the chemical used, the type of carrier, and the number of times the
area is sprayed. For a single application of two pounds per acre of 2,4,5—T
ester in five gallons total solution, the cost will ordinarily be from seven
to twelve dollars per acre. This cost includes aircraft application, chemical,
and flagging. Helicopter spraying is usually more costly than airplane
spraying, assuming the same volume of spray per acre.
As an approximation of the financial returns to be expected from an
aerial spraying for pine release, take as an example a stand of low-value
hardwoods overtopping an understory of loblolly pine seedlings. The site
index is eighty (average for loblolly pine in northern Louisiana). For this
stand condition we may calculate the rate earned, expressed in compound
interest, for an aerial spraying which costs eleven dollars per acre. Future
annual costs and incomes from stumpage sales have been estimated for
this kind of stand by F. L. Corty and J. J. Stevens (1959). Assume that
the stand is thinned at five-year intervals from age fifteen to age thirty-five,
then clearcut at age forty; and that annual costs of taxes, protection, and
management amount to $1.27 per acre. The computation shows that the
rate earned will be 10 per cent compound interest, indicating that aerial
spraying in this case is a good investment.
For land of high site quality expected returns from aerial spraying will
be higher than on poor sites. Where aerial spraying results in less than
complete pine release, the expected benefits will be proportionately less.
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Effects of Aerial Spraying on W ildlife and Range
There has been no evidence that hormone silvicides are poisonous to
humans, wild animals, or livestock. Skin irritations might be caused from
prolonged contact with the herbicides by people who were allergic to
the chemicals.
Release o f pine from overtopping hardwoods results in marked increases
in forage production (Ray, 1959; Ehrenreich, 1959; Darrow and McCully,
1959). L. W. Gysel (1957) reported that in Lower Michigan aerial sprays
could be used for improving wildlife habitat.

Additional Research Needed
In order to refine this new silvicultural technique more research is needed
on ( 1 ) translocation of hormone herbicides in the various species o f hard
woods, ( 2 ) effects o f various carriers and additives on kill, (3 ) optimum
size o f spray droplet, and (4) methods o f flagging or marking flight lines.

Summary
Foresters have recently looked to the airplane and helicopter to control
hardwoods in pine stands by aerial spraying o f selective herbicides. The
general spray prescription most commonly used in the South is two
pounds acid equivalent of 2,4,5—T ester in five gallons of oil-water carrier
per acre. Spraying is done while hardwoods are actively growing. Although
additional research is still needed, and complete control of hardwoods is
seldom attained, this technique can generally be counted on to release
pines from overtopping hardwoods without lasting damage to the pines.
The cost of the treatment will ordinarily be from seven to twelve dollars
per acre, and the increased financial returns resulting from the growth
o f released pines will generally justify the cost of spraying.
Although hormone herbicides are not poisonous to humans, wild animals,
or livestock, care must be exercised in aerial spraying to avoid damage
to susceptible agricultural crops.

DISCUSSION
Question:

Will you indicate how you obtained the 10 per cent interest
figure which was used to indicate the rate o f return from
spraying?
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Question:
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This cost was estimated at $11.00 per acre. Complete release
and a fully stocked stand of young pine seedlings were
assumed as a result of the treatment. A 40-year rotation was
planned, with thinnings at ages 15, 20, 25, 30, and 35; clearcutting at age 40. Figures for yield and stumpage values were
taken from Bulletin No. 521, published by the Louisiana
State University Agricultural Experiment Station (Corty and
Stevens). A pine sawtimber stumpage value of $30.00 per
thousand board feet and pine pulpwood stumpage value at
$4.00 per cord were used. With these assumptions an earned
rate of 10 per cent compound interest on the $ 11.00 invest
ment was indicated.
What size area would be required for treatment to come within
the $ 7 .00 - $ 12.00 per acre range that was mentioned?
It would probably be economically feasible to spray an area
of about one hundred acres. This would depend in part on
the interest of the aircraft operator in securing the work.
For details, it would be best to discuss specific problems with
firms which contract aerial spraying work.
Are fixed-wing aircraft as satisfactory as helicopters for this
type of aerial spraying?
No tests were made during this study on the relative merits
of fixed- versus movable-wing aircraft, and actually there
have not been many really good comparisons. Darrow in
Texas made a comparison between helicopter and airplane
and reported a slight difference. There should be little differ
ence as long as both applications were carefully made. The
method of application is, of course, very important, but it
would be unimportant whether the material comes out of a
helicopter or out of a fixed-wing airplane.
Mention was made of some results of release of young pine
reproduction under high hardwood overstory. Did you have
any experience with either plantations or young reproduction
stands in which the hardwoods were in the same canopy
with the pines?
One such stand was sprayed near Shreveport where both the
pine and the hardwood were of all sizes. We experienced no
permanent damage to the pine, and better kill resulted in the
hardwood overstory than had occurred in hardwood under
story spraying.
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Question:

What is the farthest damaging drift o f spray that was recorded
from this work?

M r. Burns:

The greatest distance that drift was experienced amounted to
about two hundred feet.

Com ment:

(T. H. Silker, Texas Forest Service)
This is a comment with reference to the use of helicopters
versus the fixed-wing aircraft. W orking with Darrow, I have
found that, at a pound and a half rate for given plant associa
tions in east Texas, the helicopter has some advantage at four
or five gallons o f total solution. The fixed-wing aircraft begins
to have an advantage where what is called a “ double-volume
carrier” o f eight or ten gallons of total solution is recom
mended. In other words, the fixed-wing airplane is doing a
better job in a larger total solution carrier. The helicopter
does give a mixing effect with five gallons of total solution
and a pound and a half o f acid.

Com m ent:

Concerning damage to pines from aerial sprays, this com 
ment: a helicopter was employed to do some spraying in
Arkansas, and some large longleaf pine were badly burned.
It recovered, however, without loss. Croker in Alabama
reported a severe kill after helicopter spraying o f unprotected
longleaf about a foot above the grass stage.

Question:

Has any work been done with a follow-up spray after a oneor two-year time lapse?

M r. Burns

Yes. Peevy and Burns resprayed one area in central Louisiana.
It was found that where a good kill occurred on the first
application, no second application was needed. Where a poor
kill occurred after the initial application, it was found that
as a rule the respray was no more effective. The poor kill
was apparently due to resistant species, and since the species
were resistant to the first spray, they were also resistant to
the second spray.
The only condition under which a respray might pay would
be one in which there are susceptible species in both an over
story and an understory. If the first spray kills the overstory,
the second spray will kill the understory, which by then is
an overstory.
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LEGAL PROBLEMS CONNECTED WITH WIDESPREAD
APPLICATION OF CHEMICALS
ERNEST A. EPPS, Chief Chemist
Louisiana Department of Agriculture

In past years when farms were widely spread out and agricultural
methods were more or less primitive there was not very much one farmer
could do to hurt another. Now, however, with modern farming methods
in a closely integrated society and people moving about with relative ease,
it is very easy to engage in some practice on one farm which can cause
damage on a neighboring place or even farther away. This is the basic
reason why it is necessary to consider some of the legal aspects and the
problems that are brought about by widespread use of chemicals for agri
culture. Widespread is a good term, because over sixty million pounds a
year o f various types o f agricultural chemicals are used annually in Louisi
ana. Even that is a small amount when compared to some other states, so
there is a great deal of chemical in the air, and precaution should be taken
in its application. That present day agriculture is dependent on the use
of these chemicals is generally accepted, and at least in Louisiana, agri
culture includes forestry. We cannot get along without chemicals. Inexpen
sive labor is a thing of the past; if chemicals cannot be used, the work
they qan do just is not done. If good production is to be achieved, chemicals
must be used.

Some of the things that will be pointed out may not be of direct interest
to foresters at present. Foresters’ interests may be centered, as far as the
chemical field is concerned, on herbicides such as 2,4—D and 2,4,5—T. In
other parts of the country, however, there has been widespread application
of other pesticides in very large amounts. The time may come when south
ern foresters are involved in the use of many chemicals other than herbi
cides, chemicals other than 2,4—D and 2,4,5—T. It is agreed that these
chemicals are necessary, but it must also be kept in mind that many are
potentially harmful. Improper use can create trouble in a hurry. Thus it
would appear wise to examine some of the ways in which trouble may
develop.
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Potential Trouble Spots
Crop Damage
First o f all, there may be damage to the crop that is being treated. The
chemical itself may be inherently harmful to the crop on which it is being
used, or the carrier may be slightly phytotoxic or in some manner harm
ful to the crop. It is possible for damage to be caused from the use of
excessive concentrations, improper mixing o f the chemical, or any one o f a
number o f similar things. Of course it is the forester’ s business if he kills
his own trees, but there is still a problem involved if it is being done on
contract for someone else. One of the major problems — probably the most
important one,-— is the matter o f drift. These sprays and dusts can drift to
other areas and cause considerable damage. Ordinarily the public regulat
ing agency is interested in damage to crops, and since Louisiana is in a
cotton-producing section, there has been most difficulty with damage to
cotton. Watermelons and other similar crops can be hurt; peach orchards
can be ruined; and o f course it should be kept in mind that a neighbor can
have a rather valuable hardwood stand in the bottom over the hill that he
does not want harmed. So there are all kinds o f things that can happen as
a result of drift damage. Paul Burns, in an earlier report at this sympo
sium, stated that the greatest amount of drift observed in his described
experiments is about 200 feet. There must have been a very good operator
on that particular job. Damage to cotton has been found in Louisiana as
far as thirty-five miles from the point of application, and it has frequently
been found three, four, and five miles away. These distances are mentioned
just to give an idea of the amount of drift that may occur.

Damage from Residues
Another frequent problem arises from the undesirable residue deposited
by some chemicals. In forestry work this problem may not cause serious
concern. However when drift is involved, it can be very important to
forest landowners. A great deal o f trouble developed with the recent cran
berry contamination case, and a number o f other similar incidents have
occurred. Suppose a company uses aminotriazol and it drifts over to a
neighbor’s cranberries. It must expect to pay damages for the loss of the
cranberry crop. Suppose DDT is used to control some insect and it drifts
over into a nearby pasture. A cow eats the grass from the pasture, the DDT
goes into the milk, a government inspector samples the milk and finds that
it is contaminated. The responsible party has to assume payment for the
milk. That, then, is another side reaction that may occur.
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Danger to Personnel
There is always the danger of injury or harm to personnel on the job.
It is important always to be careful for the people who are working with
the chemicals. Some of them — not those which foresters are concerned
with now (the 2,4—D family is relatively innocuous) — are highly poison
ous. Foresters may be called on to work with them in the future. The people
who are doing the loading, the applicators, the operators must be protected.
They must be protected not only from the chemical itself but from the
solvent and the carriers that are used. All sorts of things such as skin irrita
tion, eye damage, and even actual death of the operator may occur, and
certainly no one wants this to happen.

Effect on Wildlife
Here is another factor that excites people. Some persons engaged in
forestry work are caught between two fires in this matter — that is, the
harm to wildlife. This seems to have been greatly overemphasized. Never
theless, it is a real hazard; wildlife can be killed. Here again the 2,4-D
family is not too harmful and is not a problem, but other chemicals that
may be used in the future are likely to be. In particular, the chlorinated
hydrocarbons, when one is dealing with fish and other aquatic fauna, are
tremendously dangerous. As little as one part per million, and in many
cases less than one part per million, in the water will kill fish, crayfish, and
various other forms of aquatic life. So it is possible to get a heavy kill
of fish from just one flight over a lake. This is an important problem
facing regulatory bodies.

Water Contamination
Another problem which is probably less important but still to be con
cerned with is the possibility of contamination of water supplies. From
carelessness in use or application, stock ponds and streams may be con
taminated and unfavorable odors and tastes may be imparted to streams
which are later used for domestic water supplies. Direct damage can also
be caused to the water supply in those areas where people collect rainwater
and draw their drinking water from cisterns. If aircraft pass over a farm
house and deposit a thick crust of insecticide dust on the roof, subsequent
rain will sweep the poison into the cistern. Eventually the farmer will use
the water with possibly some very disastrous results. Here then is another
hazard which must be considered.
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Discarded Containers
A warning against used containers! There has been little trouble o f this
kind in Louisiana, but elsewhere in the country this has caused quite a lot
o f concern. Discarded containers are never really empty; there is always
at least a trace o f the chemical remaining in them. Sometimes children may
play around an air strip, even six months after the spraying work has been
completed. If a little o f this residue is left in one can, they may smear it
over their faces; some o f them might even drink it — if it contains coloring
they may think it is some new kind o f soft drink and try it out. They do
that, believe it or not; in some cases they will drink almost anything. The
net result may be the death of a child. There was a case in Louisiana several
years ago involving calcium arsenate. Some o f the “ empty” sacks blew
over into a nearby pasture and were chewed up by a number of cows.
Some o f these sacks still contained a little calcium arsenate in them, and
the responsible party had to buy some cows. So beware “ empty” containers!
There are probably a number o f other ways in which people can get
into trouble through the use o f chemicals on crops.. No effort has been made
to enumerate them all, but an attempt has been made to point out some
o f the more important ones — those which are likely to produce legal prob
lems. For the most part, legal problems connected with the use of herbi
cides or any other type o f agricultural chemical are those connected with
damages o f some sort. As a rule o f thumb, the user is responsible for the
results o f his actions. If he kills his own pine trees, that is all right. If he
is foolish enough to apply a chemical without taking adequate precautions
to safeguard his person and he sustains severe irritation o f the eye or even
dies from the result o f the contact, that is his business. The trouble becomes
much more com plex when another party is involved. When these incidents
occur, and sooner or later they will occur unless particular care is taken,
it makes very little difference whether it was an accident, whether it was
done on purpose, or whether it was almost an act o f God — that is, one
o f those things that just could not have been prevented. The person who
was using the chemical is financially liable for the damages which have been
incurred. It is advised that a friendly settlement be made whenever possible
in matters o f this kind. It has been my experience that no one really wins
a lawsuit unless it is the lawyer, and sometimes I wonder how he really
comes out in the long run. In one case which may be cited — this involved
chemicals in chicken feed — settlement was made for $2,500. It was
reported that the attorney fo r the plaintiff received $1,500 and the owner
o f the chickens was given the remaining $1,000. Judging from the time it
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took and the amount of expert testimony that was presented by the feed
company it probably cost the company $10,000 to defend the case. Who
won? It was not the feed company, and it certainly was not the chicken
farmer. So when damages occur, if they do affect you, it is strongly recom
mended that the persons involved get together and try to work out some
reasonable settlement.
Now it is well known that in many cases there will be people who think
this is a very easy way to make a crop. They may say, “ Well, the old Gulf
Land Company has a lot of money, and they’ re a big company. I think
maybe we ought to help them spend some of it.” And such people may
make claims for damages that are false and completely unjustified. That
does happen; we may as well recognize it. In such cases it is certainly not
recommended that anyone be paid off. That would be likely to encourage
similar attempts in the future. As a rule, where legitimate damage claims
arise as a result of an operation, it is much better to settle them quickly,
in a friendly way, and be through with them. If they cannot be settled in
this way, court action is required. Such cases have a way of continuing
in court for years. One current case in this area is now four years old and
is still pending. The best way to prevent litigation, of course, is to be as
careful as possible. Most foresters with whom I have had contact in this
field have impressed me with being extremely interested and conscious of
their responsibilities as well as the dangers inherent in chemical use. This
is a healthy attitude, one which will pay dividends in the future. The more
care that is exercised, the less likely are claims to arise and the better is
one’s position to ward off unjust or fraudulent claims.

Importance of Immediate Investigation
One point may be worth stressing here. If a claim is filed against your
firm, by all means examine it at once. There have been any number of
cases where the damaged party has told me, I don t think it damaged my
property much, but Mr. so-and-so was trying to brush me o ff; he acted too
important to deal with my small claim, so I hired a lawyer to represent
me.” If a company representative will talk to the injured party in a friendly
manner and show real concern (after all, his four acres of cotton is impor
tant to him ), a great deal may be accomplished. Your company may own
a million acres of pine timber, and four acres of cotton does not seem like
much beside this, but his cotton is important, his garden is important. It
may be worth only fifty dollars, but it is all he has in some cases. So a lot
of grief may be saved at times by trying to adopt a sympathetic and under
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standing attitude toward the people who might make claims against your
organization.
When and if claims are made, make an immediate investigation. Go out
and get all the facts; then get all the evidence, including names, dates,
and addresses and make a record of it. In a case that occurred in the sum
mer o f 1959 involving damage to cotton, the man who was being claimed
responsible was urged repeatedly to have the claim investigated. He thought
it would be settled satisfactorily soon. But it was not satisfactorily settled.
Finally, in October, some experts hired by this man came to see me. By
that time the cotton that may have been left was dead, and the experts
could not help him. Get the facts at once and protect your interests! Peo
ple’s memories fail, witnesses become unavailable, and many other things
can happen. Even after the initial investigation, follow up the further
progress o f the crop. The crop may have a few leaves curled up but no
real damage done. Or the complainant may abandon his crop. In that
case the defendant is in a much better position. One bit of advice that I
think is legally sound: if damage occurs to a crop, unless obviously it is a
total loss, the damaged party is supposed to care for his crop to the best
o f his ability in order to salvage as much as possible. This is the same
reasoning that requires a person to call the fire department if his house
catches on fire. He can’t just let his house burn down and then tell the
insurance company that he wants a new house and furniture. It is impor
tant in damage cases that the damaged party try to protect and recover as
much of his loss as possible. In some states — and this seems to be a grow
ing practice — there are requirements that notice of damage must be given
within a certain period o f time after damage occurs. California is one o f
these states. This gives the defendant an opportunity to protect himself.
As I recognize the situation in this area, as far as forest industries are
now concerned, 2 ,4 -D and related compounds are of principal interest. In
Louisiana and in most other states this is the only chemical that is governed
by any particular legal requirement as far as conditions of application are
concerned. California has a number o f other restrictive regulations, and we
in Louisiana may expect that as time passes restrictions will be developed
here too. Really this is pretty much up to forest users and to all users of
chemicals in agriculture. If work is needed, the safer the jo b done, the less
likely are restrictions to be imposed. Regardless o f what may be thought,
legislators and state officials do not just rush right out and hatch up regu
lations or pass legislation just for the sake o f doing so. They do so only
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when a problem has arisen. If you can conduct your affairs in such a way
that no problem arises, I can assure you there will be no legislation and
no regulations.

Legal Responsibility
Insofar as legal problems are concerned, the primary problem is damage.
However, where regulations or laws pertaining to use of specific herbicides
exist as they do in Louisiana, you must also be cognizant of those, else
you find yourself criminally liable for failing to follow them. The only
southern states that have regulations of that kind are Arkansas, Louisiana,
Texas, and Oklahoma. Mississippi has some restrictions on airplane appli
cation but not on ground applications of insecticides. Regulations on 2,4-D
have been built as much as possible on common sense and experience. The
most important one of these is “ watch the wind.” If the wind is blowing
too hard and in the wrong direction, the only thing that can occur is trouble.
If you will watch the wind, its direction and velocity, the battle is half won.
Atomization, or the degree and the fineness of dispersion of the applied
spray, is another important factor. The degree of drift is not a simple
matter o f more drift for a smaller drop; drift varies with the square of
the drop size. So if the drop is half as big, the drift goes about four times
as far. That is why in Louisiana, as well as in other states, there has been
concern about the mist blower for any usage at all. We are afraid of it.
Still it is a beautiful piece of machinery and certainly would do a wonder
ful job for the forester. It is hoped that some way can be found to work
out ways and means of using it, but considering the many complaints that
have been made and the damage that has occurred, there is cause for con
cern. As has been indicated here and in newsletters from some forestry
associations, a way has been developed whereby, in certain cases, use of
a mist blower can be permitted. But it is something to be used with caution.
In some cases, depending on how the work is done, these regulations also
call for licensing and examination of the operator and similar precautions
to insure competence on the part of the operator. It is also important for
a commercial operator to possess financial responsibility, either in the
form of insurance or bond. If one owns an extensive stand of pine, it is a
settled fact that it cannot be moved out of the state, so regulatory bodies
are not too worried about that. But where someone is spraying on a con
tract basis and can move in and out of the state, he is required to put up
bond or insurance as evidence that he can repay in case of damage.
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If these comments have been on the gloom y side or are not too encourthe picture is not all black. These chemicals are dangerous and can
cause trouble in a number o f different ways, but they can be safely handled;
they are being safely handled by many people every day, year in and year
out. Be forewarned and forearmed, inform yourself o f the hazards, use
common sense, and don’t take chances.

DISCUSSION
Question:

If a contract is let fo r aerial spraying and in the course of
this work someone else’s property is harmed, who is respon
sible, the landowner or the contractor, or does responsibility
vary from state to state?

Mr. Epps:

That depends somewhat on the interpretation o f the court.
On the surface, the contractor would be responsible. How
ever, the court might say that the contractor is an agent
working for the property owner, and so there is joint respon
sibility. Perhaps the responsibility might even be pushed
completely back to the landowner.

Question:

(continued)
W ho in most cases is morally responsible?

Mr. Epps:

Law is not concerned with moral responsibility; it is con
cerned with what is set down on the written page. Legally,
the operator would generally be held responsible, at least that
has been pretty much the case in this state. In earlier cases,
however, responsibility was taken all the way back to the
original manufacturer o f the chemical.

Comment:

The manufacturer o f the chemical is not responsible for what
the user may do with it, if he does not follow instructions.

Mr. Epps:

A manufacturer o f chemicals must watch his step in labeling
those chemicals. If the manufacturer does not put adequate
warnings on each container o f the chemical that he is selling,
he can be held legally responsible and has been so held by
the courts on many occasions.

Question:

The cranberry incident has been mentioned, and the chem
ical responsible was aminotriazol. Since that is being used
more extensively each year in honeysuckle and kudzu control
in forestry and since John Kirch, a representative o f a com 
pany which manufactures this, is here, I wonder if there is
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anything that should be said concerning the use of aminotriazol. This was a case in which a company which manufactured
a product took a heavy loss. This probably was not morally
the correct thing to have occurred, but legally it did happen.
Mr. Epps:

May I comment on this first? I feel that this should be said
here. You may argue about whether the regulations are right
or wrong or whether the Food and Drug Commission should
have done what they did, but one thing that stands out above
all is that the person who used it did so when he was sup
posed not to use. He was wrong; he applied the chemical
when he knew he should not have put it on. So he got in
trouble, and it was his own fault. I do not agree with all
of the tolerances which have been established as laws, but
none the less the cranberry producers who were hurt brought
it upon themselves. I have a greater sympathy for the com
pany because I think they are completely blameless in this
case.
Comment:

(Mr. John Kirch)
If aminotriazol is used according to the directions on the
container, no trouble will occur regardless of the crop on
which it is used. This is true of cranberries or anything else.
Unfortunately the new growers, who comprise less than one
per cent of the entire cranberry industry, misused the chem
ical by putting it on the plants before harvest, which the
label specifically directs should not be done. The Pure Food
and Drug inspectors of course discovered the residue on
the cranberries which were so sprayed and condemned the
crop. Thus the entire industry suffered as the result of the
mistake of a few people. This is an unfortunate situation,
but it points up, as Mr. Epps has indicated, the importance
of following the manufacturer’s directions. My company put
instructions on the label in accordance with what we found
out by tests and indicated the method in which the material
should be used. It is just good sense to use any chemical
according to directions. The cranberry incident is an example
of what happens when someone takes matters into his own
hands and ignores the recommendations of the manufacturer.
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Now as to honeysuckle and kudzu: aminotriazol has not
been approved fo r use on these plants in areas where grazing
is permitted. This is a factor to be considered. I believe
Ernst V. Brender at Macon, Georgia, has made this point
in all o f his talks on aminotriazol on honeysuckle and kudzu,
and he is the man in the South who has done much o f the
research work with this compound on these two problem
apecies. His work is in the Southern Weed Conference Pro
ceedings, and I recommend it highly to anyone who is inter
ested in learning what the chemical will do on honeysuckle
and kudzu. I would also caution users to be careful where
livestock is grazing, not that the chemical is going to hurt
livestock but simply because it has not been approved for
use on land where grazing occurs.

PART III:
CHEMICAL USE IN FOREST PROTECTION

Foreword to Part III

IMPORTANCE OF FOREST PROTECTION
SAMUEL A. GRAHAM, Professor of Economic Zoology
University of Michigan
By way of introduction I might say that forest protection is the most
important part of forestry; and if I did, most of you might take sharp
issue with the statement. Nevertheless we must admit that without protection
we could not have much forest management. When we view protection in the
proper perspective, we see that it is one of the essential facets of forestry.
It is a truism that the forester could not exist without the logger in the
woods. Forest industry could not get along without the silviculturist who
manages the timber in such a way that the trees grow best. The public
could not be served without the manufacturing plants of both primary
and finished products. Operations could not continue without the salesman
who sells the material. All of these functions and others are necessary facets
o f the field of forestry. Without any one of them the chain from soil to
consumer would break. The profession of forestry has realized that,
although protection is an essential part of the whole complex that we call
forestry, it is only a part and must be so considered. So if we seem to
overemphasize protection today, it should be realized that it is not being
overemphasized at the expense of other parts.
We are beginning to recognize other products in the forest than wood.
An ever increasing population will be making demands on the forest for
recreation, fish, game, and other things that we all enjoy. Wood and wood
products are going to comprise the backbone of forestry for many years
to come. Nevertheless, it must be realized that the secondary uses of forest
land are becoming increasingly important, and we cannot embark on any
activity in the forest that is likely to spoil these aspects that mean such a
great deal to the general public.
The forest must be protected from the vicious triumvirate
fire, insects,
and disease-causing organisms. Sometimes it may seem that these are the
only agencies that harm forests, but if you lived in the Lake States, you
would come to realize that deer are sometimes more important than insects
and that porcupines and woodpeckers and other mammals and birds are
important agents causing damage to the forest at times. But if we can
control the triumvirate of decimating agencies, we shall contribute muc
toward efficient production, not only of wood products, but of all the other
benefits that are derived from the forest.
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Figure 12. Above — TBM drops fire retardant on target area in Georgia. Below — TBM
drops slurry of fire retardant chemical on southern pine forest.

MODERN FIRE FIGHTING WITH CHEMICALS
ERNEST R. DeSILVIA, U.S. Forest Service
Northern Rocky Mountain Region
Fire control has long been a major problem for the land manager — a
problem which requires constant attention and annual re-examination in
order to accomplish and maintain the goals of management.
Great changes in our national fire problem may soon be brought about
by population increases and shifts. The future productivity of America’s
forests may depend largely on how the new conditions, situations, and
conflicts which will occur are met by foresters who are charged with the
responsibility of managing the fire problem.
Fire control must meet the challenge of the times by maintaining highgrade technological and management levels in the functions of fire pre
vention, presuppression and suppression. The processes of designing
organizations, providing facilities, and developing procedures to keep pace
with problems posed by a modern progressive world must be continuous.
Much progress has been made since the beginning of organized fire con
trol in our country. It might be worthwhile, however, to pause and take a
look into the past. There are times when a backsight furnishes some
foresight.
In the beginning there were no industrial, state, or national forests as
those which exist today. Fire protection for the wild lands of the nation
was nonexistent. For example, when the national forest system was estab
lished, there was no precedent to guide the pioneer forester. These men
had the imagination, initiative, and the courage of their convictions with
which to tackle the job. The pioneer forester was a rugged individualist
who made great contributions to his profession, laying the foundation upon
which today’s fire control systems are predicated.
In the beginning there were no perfected fire suppression organizations,
no communication systems, no bulldozers, no plows, and no tankers. Hand
tools such as the flap, council rake, back-pack pump, pulaski, and back-fire
torch were yet to be developed. Transportation was by horseback and foot,
while supplies moved by mule train or in pack sacks on the backs of the
forester and his associates. Roads and trails were primitive or nonexistent,
and attack time on fires was slow to the point of disaster.
In sharp contrast to those pioneer days of fire control work, the modern
forester is blessed with the fixed-point detection system wedded to aeria
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detection. The integration o f fixed ground lookout points with air detection
by- fixed-wing aircraft is a proven system. In the mountainous regions of
Montana and northern Idaho, the U. S. Forest Service has reduced the
number o f lookouts from approximately 900 to 250. The fixed ground
points provide a minimum basic coverage, and air patrol fills in the pattern
as needed. There, the problem o f occurrence is principally that of lightning.
The areas are remote and some quite inaccessible. Often the patrol aircraft
follow directly behind the lightning storm, locating strikes and actual fires.
In one instance last year a plane follow ing a 6 :0 0 p.m. storm detected
nineteen fires before darkness precluded further flight and reported an
additional two at sunrise the follow ing morning. The nineteen so reported
were attacked on the same night, and the two others were manned and con
trolled before 10:00 a .m . o f the day o f discovery. If patrol planes had
not been available, it is inevitable that some of these strikes would have
held over as sleepers into the second or third day, showing up then as run
ning fires at a much less favorable time for control.
Today well-organized air and ground forces are ready for timely attack.
Men and equipment are transported to fires by fixed-wing aircraft and
helicopters and on the ground by truck, scooter, and horseback. At one
time saddle tanks were used for mules, and now there are saddle tanks for
tractors. Ground tankers are often supported by aerial tankers such as the
TBM, PBY or B—25, or helicopters. Aerial tankers are relatively new
developments at the present time and must be absorbed into the fire control
picture in a planwise manner.
The use o f aerial tankers carries with it an incumbent responsibility
to use them safely and wisely. In order to do this, air-attack officers and
pilots must be carefully trained. Ground forces must also be trained to
recognize when and where air attack is beneficial and be well indoctrinated
with all safety measures. The impact o f 600 gallons of fire retardant
dropped on a firefighter has caused death.
A ir operations on any fire call for an organizational setup preplanned
and designed to carry out efficiently the attack in the safest and most eco
nomical manner. The larger the operation, the more complicated becomes
the management. Air operations may involve helicopters, TBM’s, B—25’s,
Stearmans, Twin Beechcraft, observation and communication planes at the
same time in the same general area. This is but one phase o f the overall
air operation problem.
This is an age o f development and progress, with many new tools and
many new ways to accomplish the job . Within recent experience we have
seen fire plows developed fo r various soil and cover types. Prescribed-
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burning techniques have been developed only recently and with them the
acceptance of the planned use of fire for specific prescribed purposes.
As long as fifteen years ago, fire control personnel in the Northern
Region of the Forest Service worked with water drops from fixed-wing air
craft. They conceived the idea of using proximity fuses to control the
point of burst of a tank dropped at a specific point on a fire. This was
not successful at that time. Further investigative work is planned along
this line in the near future. This type of water or retardant delivery would
have the advantage of keeping the airplane at a safer elevation in relation
to terrain and would permit air attack in deep tight canyons and under
adverse wind conditions.
More recently fire control people countrywide have been exploring the
use of various clays, muds, residues, and chemicals for fire retardant pur
poses. Operation Firestop, starting in California in 1955, employed a tech
nique of free-fall of bulk materials. In a test program sodium calcium
borate was used at the rate of four pounds per gallon of water. The resultant
slurry had retardant qualities which indicated further need for research
and investigation. Since that time paper-industrial clays, monoammonium
phosphate, bentonite clays, and vermiculite have been laboratory tested
along with numerous other compounds.
Tests run in the Northern Region have had results comparable to those
in other places. These tests indicate monoammonium phosphate, bentonite,
and sodium calcium borate as reasonably good fire retardants. Experience
here also indicates that much research and field testing must be done before
retardants can be perfected that will suit various fuels and conditions. We
do not expect one retardant to do the whole job.
In the Missoula area sodium calcium borate is now being used on heavy
fuels and in the dense canopies. Bentonite is used on light fuels and has
many advantages where and when it is useable. Cost is one of the advant
ages. Bentonite has been tested in this region on going fires, and its moistureholding qualities appear quite good. A mixture of bentonite and vermiculite
has also been tried, and it appears that the vermiculite gives the bentonite
slurry an additional quality of adhesiveness. Tests run thus far indicate
that a slurry containing one-half pound of bentonite plus one-half pound
of vermiculite per gallon of water is a satisfactory adhesive mix. Use of
this retardant will be fully operational at three plants in the Northern
Rocky Mountain region this year.
Bentonite is not toxic to men, animals, nor plant life. Sodium calcium
borate, on the other hand, appears to have considerable toxicity to plant
life. This toxicity varies with the concentration of the application, type o
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fuels, and weather conditions immediately following the application. The
bentonite and bentonite-vermiculite slurries have other advantages. As one
example, three-fourths pound o f bentonite to a gallon of water produces
a good retardant that holds moisture two to three hours. This mixture
weighs much less than the sodium calcium borate slurry which contains
four pounds o f borate to the gallon.
Our aircraft with retardants operate at high elevations where air-density
conditions during the mid-day hours are adverse. A TBM loaded with 600
gallons o f borate slurry carries a payload o f 6,120 pounds — over three
tons. The same TBM loaded with 600 gallons of bentonite slurry will have
a payload o f approximately 5,250 pounds — or 870 pounds less than the
borate load. This saving in weight is quite significant because the opera
tional ability o f the plane is greatly increased with the lighter load, thus
providing a much-needed safety factor.
The aerial strike on a fire is made by the tanker from an altitude of
75 to 125 feet above the nearest obstacle. It is dangerous, difficult, pre
cision flying at the best, requiring the utmost in pilot skill, bombing
accuracy, and judgment.
In the mountainous terrains o f Montana and adjoining states the aerial
tanker may be only forty minutes from home base when over the fire, while
men on the ground below may have two days of hard hiking by trail to
the nearest back-country airport. An air accident in these remote places is
usually fatal, and because o f this, intensive air-operations training programs
are a required part o f fire control procedure.
High-level fire control officers in the Forest Service organization have
been trained in national air-attack schools. Similar schools have been held
in the several regions to permit training o f line-staff fire control officers
on each national forest as well as the forest dispatchers and selected rangers.
Training aids and lesson plans for each subject presented at these schools
have been developed. These lesson plans are in detail. They assist the linestaff officer to develop forest air-attack schools in which the quality o f train
ing given is maintained at a high level. Regional staff as well as other
forest-fire staff officers are available for subject matter presentation.
Commercial contract pilots attend these schools. It is important that
they are thoroughly conversant with the Service’s procedures and tech
niques. Both safety and efficiency o f fire management are dependent on
this common understanding of technical terms, organization, and safety.
It is a mutually beneficial arrangement, as the exchange o f ideas develops
a better basic understanding o f the needs and requirements o f both con
tractor and employer.
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During 1957 a retardant plant was established at Missoula, Montana, at
the Aerial Fire Depot, home of the smokejumpers. From this start the
facilities have gradually been enlarged. In 1960 full activation is planned
at five points in the region: Grangeville and Coeur d’Alene in Idaho, and
Kalispell, Helena, and Missoula in Montana. Missoula will supply both
sodium calcium borate and bentonite-vermiculite slurries, while the Coeur
d’Alene and Kalispell plants will provide only borate. Helena and Grange
ville, because of lighter fuels, will operate bentonite-vermiculite plants.
These plants are located so as to give coverage to over 90 per cent of
the forested area of the region on a thirty-minute flight radius. This year
five TBM’s will be used. They will be equipped with three-gate 600-gallon
tanks compartmented so that 200 gallons may be dropped on each of three
passes. In addition to these, one Ford Trimotor will be employed. This will
have one 300-gallon tank compartmented so that 100 gallons at a time may
be dropped. The three-gate compartmented tank system is entirely a
regional development dictated by local conditions.
We find it desirable and more practical not to drop the entire load in
one pass. It is preferable in inaccessible areas to make one drop of 200 gal
lons from a TBM and then observe the results. Needed adjustment of run
and flight may be indicated. If so, the pilot has a chance to correct and
two more chances of hitting.
Fire control personnel in the Northern Rocky Mountains tend to think
of the aerial tanker in much the same way as they do a smokechaser. The
aerial tanker is often dispatched to place a holding or delaying action on
a small fire that is so located as to have a high potential for ultimate dam
age. Sometimes an hour’s delaying action is all that is needed. At other
times only a matter of minutes is required.
A case history may be of interest. While fighting three fires near Three
Eagles Mountain west of Hungry Horse Reservoir on the Flathead Forest,
a fourth fire was detected east of the reservoir in second-growth timber.
The fire was located and reported. Smokejumpers were dispatched from
Missoula and jumped adjacent to the fire. Simultaneously the fire blew up,
crowned, and began to run.
The aerial observer in the lead plane which was directing aerial tanker
operations on the other fires reported to the fire dispatcher. The dispatcher
held one TBM in reserve from its final run and diverted it to the blow-up.
The 200-gallon strike was a direct hit and knocked the fire out of the
crowns. The smokejumpers were able to move in immediately on the retard
ant line and hold the fire. This fire was potentially a disastrous one, as it
was located on a middle slope with miles of continuous timber canopy
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ahead. It was also burning in difficult terrain. It has been estimated that
this successful action saved a minimum o f $100,000. The estimate is based
on comparative costs o f fires in similar locations, burning under like
weather and fuel conditions.
In the Salmon River Breaks o f Idaho there are extremely deep canyons,
steep continuous slopes, and flashy light fuels. The combination of slope
and light fuels, combined with normal summer conditions of high tempera
tures, low fuel moisture, and undesirable wind conditions, create a perfect
set-up for large fires even when action is timely and in force. These extreme
conditions o f fuels, slope, and weather prevailed when a fire started at a
rancher's back door near Riggins. Idaho. The fire was immediately reported,
and the following action took place:
Sixteen smokejumpers supervised by a foreman of smokejumpers were
dispatched from Missoula, Montana, in a C -47, 150 air miles and 60
minutes flying time.
Two TBM’s loaded with 600 gallons each o f fire retardant were dis
patched from Missoula.
A third TBM loaded with 600 gallons o f retardant was dispatched from
McCall. Idaho, in Region Four, the sister region to the south. At the same
time a B—25 containing 1,000 gallons o f retardant was dispatched from
LaGrande, Oregon, in Region Six of the Forest Service, the sister region
to the west.
In the meantime the fire had expanded to about 150 acres when the
aerial attack began. After initial attack, all TBM’s returned to McCall to
refill and the B -25 returned to LaGrande. While this delaying action with
retardant was being taken, the smokejumpers arrived, jumped, landed, and
moved in on the retardant line established by the aerial tankers. They were
able to move rapidly along this line, secure it, and then progress down the
flanks o f the fire. The action was fast, hard, continuous, and successful.
The fire was stopped just short o f valuable timber. Under the prevailing
conditions this fire would otherwise have crowned and run for several miles.
These case histories illustrate aerial attack with fire retardants in support
o f smokejumper action in relatively inaccessible areas.
Aerial attack may be used in support of the usual ground forces or in
support o f bulldozers and mechanical trenching devices. In the Coastal
Plains o f the southern United States aerial tankers could well be used in
support o f plows and ground tankers on the high-danger fire days, on fires
in more difficult fuel types. An example of this type o f action in mountain
ous country may be cited here:
In August o f 1959 a middle-slope fire with a southern aspect was success
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fully stopped by normal district forces supported by aerial tankers. This
fire burned in difficult fuels; slope conditions were extreme.
The district fire dispatcher, on report of the fire, immediately dispatched
ground crews in good force. He called for aerial tankers to support the
ground forces. The tankers bombed the head of the fire, laying a retardant
line across the slope. Men moved in on the line, and except for minor
breakovers, the fire was held on the middle slope.
The history of numerous fires in the watershed where this fire occurred
is not good. Fires have frequently crowned and run to the mountain tops
and in some cases have gone on to other valleys. In one instance two men
lost their lives. The success of suppression action on this fire was due to
a well-coordinated overall attack that integrated all forces of men and
machines, on the ground and in the air, into a balanced attacking force.
The use of retardants for forest fire suppression purposes is recognized
regionally by industry, forest protective associations, and the state foresters.
Many areas of responsibility overlap to a degree because of mixed owner
ship. Forest Service retardant planes and air tankers are dispatched on call
through a regional dispatcher to fires on lands protected by other agencies
on a reimbursement basis.
There is a growing interest by commercial air organizations to contract
flying services for retardant delivery on fires. One of these is located at
Lewiston, Idaho. Delivery cost of sodium calcium borate is forty cents per
gallon. Delivery of other retardants will vary in cost. For instance, approxi
mately $150 per ton is paid for sodium calcium borate delivered at Mis
soula. Bentonite costs about $30.00. One ton of dry borate will produce
500 gallons of slurry. One ton of bentonite will produce 2,600 gallons.
Mixing equipment for the various slurries has not been discussed for
the reason that there are too many problems connected with this phase of
the activity to permit superficial consideration. At the present time the
Forest Service is testing such equipment at the Arcadia Equipment Develop
ment Center, one of two such centers in the country; the other is the
Missoula Equipment Development Center.
It must be recognized that fire is no less a threat now than it was in the
beginning o f organized fire control. Actually the stakes are probably
greater, and failure to do our job is more likely to have disastrous results.
Therefore, there is a constant striving for better ways and means of accom
plishing effective fire control. The Missoula Equipment Development Center
operates in various fields of fire control. In the field of light machine d
evelopment they employ powered carriers, trenchers, powered han too s, o
road small tankers, trail graders, and scooters. Paper products, such as
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disposable sleeping bags, paper packaging methods, disposable knapsacks,
and paper utensils all are tried out. In the field of fabrics the interests of
this Center include such items as parachutes, standard sleeping bags, pro
tective clothing, heat-reflective clothing, tents, and collapsible tanks. The
aerial development field includes airplane accessory equipment, smokejum per equipment, smokejumper training devices, air cargo methods and
equipment, and helicopter accessories.
This Center is the primary development center for aerial activities and
equipment. It is organized as a section in the Division of Fire Control, thus
making for good liaison between the development center and the actual
users in the field. For instance, in the winter time two o f the qualified
smokejumper foremen o f the area are assigned to the Equipment Develop
ment Center.
Recognition that progress must go far beyond its present scope and
ability to control fire is the first step forward. We must adapt, invent, or
convert the machines to help us do a better job . W e cannot rest, content that
the present way is the best way or that no improvement is possible in
organization, equipment, or methods. Outmoded equipment, methods, plans,
policies, standards, guides, and thinking litter the back trail o f progress
in fire control.
This is as it should be, because the nation’s forests, public and private,
are used by a wiser, more critical, and more knowing public than in the
past. They ride our roads, hike our trails, and fish our streams and lakes.
They fly over our forests and in the mozaic spread below read the results
o f our efforts to protect and manage. It is unlikely that this public would
long tolerate anything but the best effort in forest protection.
Fire control people must not rest content with the past or the present.
W e must build for the future, so that we can efficiently meet the impacts
o f years 1975 and 2000 on our forests.

DISCUSSION
Question:

What percentage o f forest fires are caused by lightning?

Mr. DeSilvia:

About 98 per cent o f the fires in the West are lightning
caused. In the Northern Rocky Mountain region there are
almost no incendiary fires. On the other hand, in California
there has been a recent upsurge o f incendiary fires, together
with a tremendous increase in population which has
raised the total to about 14 million persons in that third
largest state. Montana, the fourth largest state, has only
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about 575,000 people. So from a population standpoint,
there is a very wide difference between California and the
Northern Rocky Mountain region which has no incendiary
problem. However, incendiary fires accounted for 62 per
cent of all fires in Louisiana and 42 per cent for the entire
South during the last ten years, while lightning caused only
2 per cent of the Southern total.
Question:

How can detection be made more effective?

Mr. DeSilvia: This requires continued probing for greater effectiveness.

Right now we do have the minimum setup of fixed ground
points that was covered in my report. It is known that there
are certain storm tracks in the region, and when storm fore
casts are made, the detection aircraft are alerted. As the
storms move over the area, these aircraft track directly
behind them. So immediate location of lightning strikes
and resultant fires is obtained. Then, of course, once the
storm has been located and tracked and all fires have
been spotted on that particular day, the same territory is
re-examined on subsequent days to see if there are any
“ sleepers” — fires which were not previously detected.
Question:

With your experience with TBM-type aircraft in the West,
do you see any practical use for lighter planes such as the
Stearman or Cessna as carriers of fire retardants in the
South, or do you think their capacity is too small for prac
tical use?

Mr. DeSilvia: That is something that is rather dear to my heart. I am

confident that there is an important place in this picture
for the small planes. I think that the small plane will answer
many of our needs in fire fighting. Last year we used sev
eral Stearmans which carried a load of (depending upon
the elevation that they were flying) from 75 to 125 gallons.
For instance, we have a Ford trimotor that we use to make
drops. It drops 100 gallons at a time, and on a series of
fires it may go in and make one 100-gallon drop at the
head of a small fire, go and get another one, then go on
to a third one. And, in an effort to decentralize our retard
ant program, we visualize that we will employ a mixture
of equipment and quite a variation in size. We believe
that no one airplane is the answer to the whole problem.

THE USE OF FUNGICIDES IN SOUTHERN FORESTS
ARTHUR F. VERRALL, Southern Forest Experiment Station
Forest Service, U. S. Dept, of Agriculture
Intensive measures for controlling forest diseases — particularly the use
of fungicides — generally have been considered impractical because of
cost. However, conditions are changing rapidly; timber stands are worth
more today, so that more and more intensive cultural practices are becom
ing feasible. Intensive disease control measures definitely will be included
in management.
Little is known about the use of chemicals for forest disease control, but
experience in forest tree nurseries and with shade, ornamental, and orchard
trees gives some basis for devising control measures. Limited research is
under way to furnish precise information, but considerably more is needed
to solve the many problems peculiar to fungicidal control in the forest.

Forest Products Fungicides
The biggest development in the application of fungicides in forestry has
been the short-time and long-time protection of forest products. Sap-staincontrol fungicides and wood preservatives are commonly used throughout
the world and are the basis of large and powerful industries. The protection
of forest products is mostly outside the subject matter o f this paper. The
managing forester is concerned with products fungicides only in the har
vesting process or incidentally as he uses wood. Effective fungicides are
available for the protection of green forest products during storage and
transit. Because deteriorating fungi are introduced or favored by bark
beetles, fungicides usually must be coupled with insecticides. There is a
critical time factor for the application of protective treatments to green
forest products. During favorable weather for fungus and beetle activity,
delaying the treatment more than twenty-four hours after felling can
negate its effectiveness. Therefore, when the managing forester also harv
ests the crop, the initial act of protecting the logs or bolts becomes his
responsibility. For high-grade logs which will be stored for an appreciable
time prior to use, a fungicidal-insecticidal treatment will pay dividends.
A penta-chlorophenol-benzene hexachloride mixture in oil or water is
preferred.
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The Forest Nursery
The forest nursery is the second place where chemical protection against
disease has been highly developed and is in general commercial use. Nurs
ery management also is largely outside the subject at hand, but it must be
mentioned because of its direct effect on the success or failure of planta
tions. Several diseases have continually plagued the southern pine nursery
man. Brown spot on longleaf, fusiform rust on loblolly and slash, and black
root rot on most pine species are the common problems. Damping-off, heat
injury, and other diseases are periodically destructive. Depending on the
needs, soil fumigants are available for the control of nematodes, soil fungi,
and weeds. Some are selective, others effectively limit two or all three kinds
of pests.
Most nurseries fumigate part or all of their beds. Sprays of bordeaux
mixture and ferbam are effective against brown spot, and ferbam against
fusiform rust. Adequate chemicals and application schedules are available
(but not always effectively used) to insure that the forester will have plant
ing stock that is essentially disease-free. This is surely one of the prerequis
ites of a successful planting program.
Incidentally, it may be mentioned that Arasan, the bird repellent used
for direct seeding, is primarily a fungicide and is one of the most effective
seed treatments against pre-emergence damping-off in a nursery. There is
a possibility that Arasan in the repellent treatment also decreases dampingoff in the field.

Fungicides in the Forest
More should be known about the effects of toxicants on beneficial life
forms before fungicides are widely used in forests. Most fungi are not
harmful; some, like mycorrhiza formers, are definitely beneficial, and
many others probably are useful in maintaining the elusive natural balance
in the forest. I have always favored, insofar as possible, the use of cul
tural methods for the control of forest diseases. I am convinced, however,
that the use of fungicides will become more common in the managed
forest, particularly where local applications are effective, such as the basal
spray of a systemic fungicide for the control of fungi throughout the
tree or where a fungicide is used for a limited time to control an epiphytotic disease.
There are two general types of fungicides, i.e., (1) protectants which
prevent infection and (2) chemotherapeutants which act on the pathogen
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after it enters the host tree. Most of the fungicides in common use are pro
tectants. In forest practice fungicidal protection is available against several
major diseases.
Brown spot of longleaf pine: Thirty years ago Paul V. Siggers clearly
showed that bordeaux mixture will control this disease, not only in the
nursery, but also in plantations. He did not completely work out schedules
for field use because spraying seemed less practical than prescribed burning.
For three reasons studies have been reopened on field spraying for brown
spot control. In the first place, control may be needed after some longleaf
seedlings have started height growth and are likely to be killed by fire. If
some seedlings have shorter grass stages because of an inherited factor for
early height growth or for brown spot resistance, burning may be killing
off those seedlings genetically most desirable. In direct seeding, areas are
often prepared by disking, so that there may be insufficient ground cover
to support a therapeutic fire. Lastly, the original longleaf pine sites are
those on which slash and loblolly are hardest hit by fusiform rust. I believe
longleaf again will be a favored species if we can reduce the prolonged
grass stage by controlling brown spot. There is good evidence that one or
two well-timed applications of bordeaux will control this disease. Other
chemicals will serve, but bordeaux mixture is the most tenacious of all
sprays and, if properly mixed, gives complete coverage — perhaps even
redistributing its molecules to cover new tissue exposed at leaf bases by
normal elongation. In addition, there is evidence that bordeaux has some
therapeutic value in brown spot control which, if substantiated, will mean
field control sprayings can be started earlier than now recommended.
Cone rust o f slash pine has assumed serious status with the development
of seed orchards and seed production areas. Logical control consists o f
locating orchards outside the range of live oak, the major alternate host.
Many orchards, however, are already established within the zone o f high
rust hazard. Infection occurs during the flowering period. Infection can be
prevented by the use of ferbam sprays timed to precede each major wet
spell during the pine flowering season (January—M arch). Ferbam is the
only fungicide known to be toxic to the rust but not to the cone flowers or
pollen. Fairly large trees can be effectively sprayed from the ground with
a truck-mounted sprayer. An airplane spraying technic may have to be
devised for larger trees. Some kinks still remain to be worked out on spray
schedules, but it seems likely that effective commercial use of ferbam for
cone rust control is not far in the future. Some commercial trials may be
attempted this year.
Fomes annosus root rot is an important disease of coniferous plantations

THE USE OF FUNGICIDES IN SOUTHERN FORESTS

127

in many parts of the world. We know it can be a serious killer of southern
pines, but its full potentialities will not be known until more of our plan
tations have been thinned. The reason is that the fungus enters fresh stumps
and spreads along the roots to adjacent healthy trees. The English report
that an application of crude tar or creosote to fresh stumps will effectively
prevent infection. Better fungicides are known but are not wanted, for the
object is merely to hold off F . annosus until other fungi have a chance to
colonize the stumps; F. annosus cannot successfully compete with many
common decay and mold fungi. Stump creosoting has recently been tried
in the United States, but the recommendation is based mainly on the English
experience. There is a possibility that this treatment could be combined
with the BHC (benzene hexachloride) stump treatment against the black
turpentine beetle, provided the treatment is applied as a repellent and not
after the stumps have been used as beetle traps. Stump creosoting is the
only recommendation we have for preventing F. annosus attack, but the
general treatment of stumps may not be necessary at this time.
Nematodes and root rots at planting sites: Thomas Hansbrough of Louis

iana State University tried fumigating a planting site prior to planting lob
lolly pine and found significantly greater height growth and increased
vigor which quickly put the pines ahead of ground cover competition.
Whether the growth was due to control of nematodes and soil pathogens or
to reduction o f competing vegetation is not known. Certainly soil fumiga
tion is not financially feasible for general planting, but it is an intriguing
field for study in relation to hard-to-plant sites.
Wound protection: In forest tree pruning operations the wounds gen

erally are left unprotected, even though research shows that they are a
common avenue of infection for woodrotters in both conifers and hard
woods. A number of wound dressings incorporating phenyl mercuric nitrate
are harmless to cambial tissue but are effective against parasitic fungi. The
general use o f such dressings in forestry operations is not feasible at this
time. However, when strains of trees for such special uses as furniture
veneer are developed, protection following pruning may be economically
feasible. This would apply particularly to protection against such cankerrotters as Polyporus hispidus and common canker fungi as Strumella, Nectria, and Fusarium, as well as decay and stain fungi.

Chemotherapeutants
A new class of fungicides is coming to the fore, i.e., the chemotherapeu
tants. These are intended to kill pathogens after they enter the host.
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Topical chemotherapeutants are, of course, not new. Sulfur fungicides have
long been used to cure powdery mildew leaf infections on hardwoods, and
organic mercurials will control several leaf spots on orchard trees. As men
tioned previously, there is some evidence that bordeaux mixture has some
chemotherapeutic value on brown-spotted longleaf pines.
The fast developing group of chemotherapeutants that promise to revolu
tionize fungicidal control includes the systemics. After being introduced
into the tree these are translocated — presumably in the sap stream — to
all parts and kill pathogens present or as they try to gain entrance. Some
common fungicides, as captan, show systemic possibilities, but the highly
toxic antibiotics hold more promise. As a group, antibotics are more
bactericidal than fungicidal, which explains why they have made such
headway in treating human diseases. Each year, however, mycologists are
finding more antibiotics with definite fungicidal value. The cycloheximides,
products of Streptomyces, are used as systemics against a cherry leaf spot
and recently have been widely applied for the control of blister rust in
western white pine forests. The cycloheximides and other systemics are
being tested by the Southern and Southeastern Forest Experiment Stations,
but currently we have no promising systemic fungicide to offer the southern
forest manager.
A priori it is expected that the systemics will be extremely useful in con
trolling rusts. A fine balance exists between the physiology of the host and
the rust that minute amounts of a systemic might disrupt. Other prime tar
gets are wilts caused by pathogens growing in the vascular system (where
they would come in intimate contact with a systemic), root rots, and pos
sibly leaf diseases. I venture an opinion that systemics applied as foliar
sprays, soil drenches, or bark applications will come into general use
within a few years.

Chemicals for Indirect Control
The final group of chemical control agents which must be mentioned
gives indirect control. Several important virus and fungus pathogens caus
ing tree diseases, as elm phloem necrosis, Dutch elm disease, and probably
oak wilt, are spread (disregarding local spread by root grafts) by insects.
If the insect is controlled, the disease is controlled. DDT is commercially
used to control elm diseases in shade and ornamental trees. Again, this type
o f control is not currently applicable to a southern forest disease problem.
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Summary
We are on sure ground in recommending fungicides and application
schedules for the protection of forest products and forest tree nurseries.
Economic factors have generally precluded the use of fungicides in the
forest, but the use of bordeaux mixture for the control of brown spot of
longleaf pine is currently feasible. We are further willing to suggest that
ferbam can be used economically to control cone rust in seed orchards and
that under certain circumstances stump creosoting to control F. annosus
root rot may be worth while. Many other diseases can be controlled by
existing fungicides, but economical control in the forest is likely to depend
on the development of effective systemics.
Even though an increased use of fungicides in the forest is probable and
desirable, this should not be a deterrent from devising safer and more
lasting disease controls through such silvicultural practices as species-site
selection and the use of any disease-resistant tree that the geneticists may
develop.

DISCUSSION
Question:

Mr. Verrall:

Is the geographic location of an area with a high incidence
of cone rust, in slash pine particularly, fairly well defined
and localized? Your statement was that it is something that
is dynamic and could change. Have any changes been noted
in the extent of the actual damage?
At the present time we do not know the complete distribution
of cone rust. In Georgia and Florida we do; in Mississippi
we are fairly sure, but in Louisiana and east Texas, we do
not know its distribution. It is planned to start a survey at
the end of April, 1960, to determine the distribution of cone
rust in the western part of the Gulf States.

COMBATING FOREST INSECTS WITH CHEMICALS
JAM ES A. BEAL, Division of Forest Insect Research
Forest Service, U. S. Department of Agriculture
The use of chemicals to control forest insects is not a recent innovation. In
fact, this practice is older than the practice of forestry itself. While no
attempt will be made at this time to document the first such use of chemicals,
it should be pointed out that seventy years ago, A. S. Packard in his treatise
on insects injurious to forest and shade trees devoted seventeen pages o f
fine print to a section on insecticides and means of applying them (Pack
ard, 1890). He referred to several chemicals in use at that time and further
stated that they were so well known that no description was needed. He also
included a discussion on harmful side effects o f certain of these insecticides,
but this was confined chiefly to phytotoxicity of the chemicals used and to
ways of avoiding such injury to the foliage o f treated trees.
These early control methods described by Packard and other early
workers were quite limited in use, being employed chiefly against pests of
shade and ornamental trees or those of high value which were easily acces
sible with the ground equipment then available.
It should be pointed out that the high cost of using such equipment and
materials, together with the seemingly inexhaustible forests and the com
paratively low value of lumber at that time, largely prohibited their use in
forest infestations.
Chemical control of forest insects entered a new era of rapid expansion
during and following W orld War II, with the synthesis of DDT and numer
ous other potent insecticides and the development of improved methods
o f applying them, particularly from aircraft. In fact, these and allied devel
opments put into the hands of forest owners, for the first time, an econ
omical and effective management tool for the protection of their forest
crops against extensive insect outbreaks, particularly o f certain o f the
defoliators. Some of the new chemicals have also come into general use
against many other types of forest insects such as bark beetles, weevils,
and products insects; and these insecticides and other chemicals are being
tested for their effectiveness against still additional species o f forest insects.
It should be emphasized that neither the chemicals nor their adaptation
to forestry problems are of accidental origin. They are the result o f increas
ing demands for better protection against destructive insects. They have
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behind them a considerable background of research, development, testing,
and demonstration that preceded general acceptance. Chemists, entomolog
ists, foresters, and many others from industry, federal and state govern
ments, and private institutions have had important roles in the development
and use o f chemicals as forest insecticides.

Chemicals in Use
At this point, brief reference should be made to some of the chemicals
now in use and a few of the ways in which they are being used to combat
forest insects, particularly in the South. These will be quite familiar to
most southern foresters since much of the research through which they
were developed was done in the South by men well known in this region.
In pine stands of the South where the black turpentine beetle has become a
serious problem, the spraying of stumps and basal portions of infested
trees with oil solutions of benzene hexachloride (BHC) is a common prac
tice which is giving reasonably good control (Smith and Lee, 1957). BHC
is also being used to some extent to reduce populations of Ips beetles in
slash and those of the southern pine beetle in infested logs and tops that
may be left in the woods following salvage logging. BHC also has consider
able value for the protection of green logs and pulpwood from bark beetles,
ambrosia beetles, and wood borers and is in general use where such mate
rial is subject to prolonged exposure to attack (Johnson, 1952).
Research has also shown that seedling pines can be protected against
weevils by the use of chemicals applied as seedling dips (Speers, 1958;
Thatcher, 1958). Such pines planted on areas that have been recently
burned or cutover can be satisfactorily protected against the pales weevil
and the pitch-eating weevil through the use of dips containing aldrin, dieldrin, or heptachlor. A water suspension containing one per cent dieldrin
or water emulsions of 2 per cent aldrin or heptachlor give good protection
and show no toxic effects to the seedlings after brief periods of immersion
of both roots and tops. Although this is a fairly recent development, the
practice of dipping pine seedlings for protection against weevil damage
is spreading rapidly in the South and Southwest.
At the present time chemicals offer the only known method of coping
with Texas leaf-cutting ant or town ant, a serious pest of pine seedlings
in east Texas and west-central Louisiana (Bennett, 1958). Considerable
relief from needle-cutting ant damage can be obtained by fumigating all
o f the ant colonies in a given vicinity with methyl bromide. The liquified
gas is released into the nests through flexible tubing probed two or more
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feet into the tunnels. It is more effective if done on cold, cloudy, or rainy
mornings during the fall and winter. Also, a 2 per cent dieldrin dust or 10
per cent chlordane dust carefully sprinkled into active mounds and feeder
holes will give fair control in lightly infested areas.
More than fifteen years of research and testing by entomologists at the
Gulfport Forest Insect Laboratory and at Beltsville, Maryland, have shown
that a number of chemicals can be used as soil insecticides to protect build
ings from damage caused by ground inhabiting termites (St. George, John
ston, and Kowal, 1960). Those which are now known to give many years of
protection after a single application are aldrin, 0.5 per cent in water
emulsion or oil solution; benzene hexachloride, 0.8 per cent gamma isomer
in water emulsion or oil solution; chlordane, 1.0 per cent in water emul
sion or oil solution; DDT, 8.0 per cent in oil; and dieldrin, 0.5 per cent
in water emulsion or oil solution.
Results of this research have world-wide application and are being used
extensively throughout the United States and other countries. They represent
a valuable contribution to the protection o f wood in use; an item that
should be of particular interest to wood producers and manufacturers
because few misfortunes are more discouraging to home owners and other
users of wood than to find their prized possessions being damaged by ter
mites or other insects; and nothing will more quickly turn their thoughts
to wood substitutes.
Chemicals have also proven quite useful for protecting seasoned wood
in storage from insect damage (Johnson, Smith, and St. George, 1958).
For dry hardwood products, a concentration of 5 per cent DDT, 5 per
cent toxaphene, 2 per cent chlordane, or 0.5 per cent lindane in refined
oils will give good control of Lyctus beetles and long protection from fur
ther attacks. Seasoned, rough, unfinished products that are subject to attack
should be dipped for about three minutes in a solution of one of the abovenamed insecticides prior to being placed in storage. This will not kill all
stages of Lyctus beetles that may be in the wood at the time of treatment,
but it will also prevent attack for at least five years and probably longer.
Recent research (St. George, 1957) indicates that some of these same
chemicals are giving good control of the old house borer, an introduced pest
o f pine and other coniferous wood in buildings.

Systemic Chemicals
Another group o f chemicals that recently have been receiving increased
attention, particularly by research entomologists, are the systemic insec
ticides. These are materials that are capable of being absorbed by the
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trees through the roots, foliage, or bark and that are toxic to insects that
subsequently feed on them. Systemics for control of forest insects have not
come into general use, but advances are being made in this area of research.
For example, at Stoneville, Mississippi, (cottonwood) cuttings dipped in
a 44 per cent Thimet activated carbon dust material prior to planting have
produced sprouts that remained singularly free from twig borer and other
insect damage throughout the first growing season. Some additional sys
temics that are being tried on very small-scale tests against the tip moth
and the balsam woolly aphid are granular Thimet, Dimethoate, Phosphamidon, and Systox.

Aerial Spraying
Aerial spraying is a subject which is of interest throughout the country
and one of some controversy.
Aerial spraying with DDT has become the most commonly used method
for the control of certain forest defoliators such as the spruce budworm,
Douglas-fir tussock moth, gypsy moth, some sawflies, and others. In the
South it has been used principally against sawflies and the elm spanworm.
The DDT is first dissolved in a solvent, after which enough fuel oil is
added to make a solution containing one pound of DDT per gallon of
spray. It is then usually applied at the rate of one gallon per acre of infested
forest, but with some insects a lesser dosage is adequate. It was recom
mended for forest use only after several years of joint research by forest
entomologists and wildlife specialists.
Airplane spraying with DDT has been the target of certain critics of
forest pest control. So far as is known, however, there has been no criticism
of any of the other materials and methods of forest insect control that have
been described here. Furthermore, there is little likelihood that there will
be any serious objections to their use in the future. This is true because here
the toxic chemicals are placed only on or near the trees or products to be
protected, and there is little or no opportunity for them to affect adversely
anything other than the target insects.
Some critics of aerial spraying go so far as to say that it will result in
biological deserts by killing the wildlife and the birds of the forest and
depleting the streams of fish. This is strong language, warranting our most
careful consideration. As far as the history of forest spraying is concerned,
however, it does not appear that there are grounds for such drastic assump
tions. So far, there is little evidence to support the claims that DDT as a
forest spray at the rate of one pound per acre is a serious threat to either
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mammals or birds. This was first determined by exhaustive research, and
all of our experience since then has confirmed the findings. It is well known,
o f course, that some birds may move out of an area where the insect popu
lation has been reduced by spraying and that a temporary reduction of their
numbers may occur in such areas. It is true also that some fish and some
fish foods may be killed by spraying. So far, however, these losses have
usually been sporadic and of a temporary nature. During the past fifteen
years more than ten million acres of forest lands have been sprayed in this
country without claims that either the hunting or the fishing has been poorer
following treatment.

Areas Treated
Since forest spraying has been subject to criticism by some individuals,
perhaps it would be well to review this practice particularly as it applies to
commercial forest lands in the twelve southeastern and southern states.
What is the story? Just how much of it is going on? Commercial forest
lands in the South have been estimated to cover slightly more than
193,000,000 acres. What then is the pattern of forest spraying on them?
It is a highly irregular one in which very small spots of a few acres, a few
hundred, and occasionally a few thousand are sprayed. Last year, for
example, some 19,000 acres of loblolly pine forest in east Texas were
treated for control of a pine sawfl y ; 1,400 acres of pine plantations in
s m a ll blocks in Louisiana were treated to control the redheaded pine sawfly; and approximately 1,000 acres of oak forests in Georgia were sprayed
for control of the elm spanworm in recreational areas. According to reports
reaching us, there were numerous other small spray projects against
unspecified insects in the region. This would bring the total forested area
sprayed in the South last year to around 24,000 acres. This is important
to remember when considering the over-all dangers from aerial spraying
in the region. As such, it was necessary to treat only one acre per 8,000
acres o f the commercial forest areas in the region, or just a little more
than one hundredth of one per cent of the total. The acreage that will be
sprayed will vary from year to year, of course, but there is no reason to
believe that it will ever increase to the point where more than a small
percentage of the forest will require treatment in one or even in many years.

Frequency of Treatment
In considering possible dangers of airplane spraying o f forested areas,
account should also be taken of the frequency of application o f aerial
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sprays over the same areas. All would agree that danger of aerial sprays
to wildlife might be expected to increase as the frequency of application
to a given area increases. In light of this fact, it is significant that there
has been necessity to respray no more than 2 per cent of the millions of
acres sprayed by the Forest Service the past fifteen years.
Certainly if treatment covers only a small portion of a large, aggressive
outbreak, then reinfestation is most likely to occur, and respraying becomes
necessary. This leads us to believe that, in mature forest stands, it may
well be possible to limit spraying to a single operation to protect trees
until they can be harvested. In younger stands and in plantations some
additional treatments may, of course, be necessary to bring such stands to
maturity. In this connection we should not lose sight of another significant
fact; namely, that forest insect outbreaks are ordinarily widely spaced
both in time and distance, both of which decrease the frequency of treat
ment needed on any specific forest area.

Effect on Parasites
What about the effects of aerial spraying on the parasites of forest
insects? It has been said that it kills these natural enemies, thus making
a bad situation worse by upsetting the biological balance. Careful studies
have been made in the North and West to determine the relative abundance
of parasites in spruce budworm infestations in sprayed and unsprayed
areas. In these studies it has been found that the ratio of parasites to bud
worm populations has generally increased in the sprayed area. This is
believed to result from the fact that parasitized larvae are less active, feed
less and are, therefore, less often killed by the spray than are the active,
feeding larvae. Apparently a relatively high proportion of the parasitized
larvae live long enough after spraying for their parasites to reach maturity
and attack succeeding generations of budworm larvae. This does not mean,
of course, that spraying per se is beneficial to parasites. It does indicate,
however, that sprays can be applied against certain insects in such a man
ner and at such times that the result is an increase in the ratio of certain
parasites to their host insects.

Effect on Other Pests
Does the use of insecticides result in an increase of other noxious forest
pests? Sometimes it does. It is known, for example, that spider mites occa
sionally build up rapidly following spraying with DDT and cause some
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browning of the foliage. However, since such injury is rather infrequent
and spider mite outbreaks are known to be short-lived, and since none have
yet been responsible for mortality in forest stands, this may be viewed as
a limited problem which may possibly be resolved, where necessary, by
the inclusion of a miticide in the forest spray.

Resistance
Are forest insects developing resistance to some types of insecticides?
Forest entomologists are fully aware of this possibility and have been on
the lookout for evidence of it; but, to date, resistance in this group of
pests has not been demonstrated. It appears that resistant strains are most
likely to show up in multiple brooded species having short life cycles and
in which the individual members of each generation are constantly exposed
to the insecticide in use. It is recognized that this combination of circum
stances is not likely to occur with any of our forest pests. Furthermore,
the infrequency of spraying against the same population of insects in the
same forest area would appear to offer little opportunity for the develop
ment o f resistant strains. It is believed, therefore, that the chance of
developing resistant populations among forest insects by spraying is not
very great.

Biological Evaluation
How does one decide when forest spraying is necessary, where it should
be done, and how much of the forest area should be treated? This is accom
plished by a determination of the pest species, through surveys to determine
the nature and extent o f the infestation and by an entomological evaluation
of the outbreak.
Entomological evaluations are highly important steps leading to the
decision whether to spray or let nature take its course. They make use of
all that is known about the insects involved, plus whatever additional
information can be obtained on the current outbreak. The purpose is to
determine, in so far as possible, what the pest species is doing or is likely
to do and what effect parasites, predators, diseases, and other natural con
trols are having on the course of the outbreak. An entomological evaluation
attempts to provide information on the status and probable trend o f an
outbreak and on the threat to the resource. It is aimed at advising the
forest manager on what might be expected of the outbreak in the event
control is not undertaken and what may be expected if known artificial
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controls are applied. It is with this background of information, plus what
the forester knows of the economics of the situation, that the decision for
or against control is made.
The chief limitation to highly accurate entomological evaluation lies in
the lack of fundamental information on many forest pests. There is need
to know more about the underlying causes of the rise and decline of insect
populations. These evaluations will not have the degree of accuracy desired
until research on the ecological, biological, and physical factors, and their
effect on forest pests and their associated species, can provide this needed
information.
It should be pointed out, however, that even with the present state of
knowledge of outbreak causes, it is often possible to recommend against
chemical control because of the demonstrated effectiveness of natural con
trols. Only last year, for example, entomologists in Florida found direct
control to be unnecessary in a 300,000-acre sawfly outbreak. Through their
advice, plans for spraying were canceled, and hundreds of thousands of
dollars saved by the timber owners, and state and federal governments.
This is not a rare occurrence. Many similar instances could be cited. They
have occurred in many parts of the forests of the United States, and it is
my firm belief that there will be more and more of them as knowledge of
natural controls increases through research and as additional experience
is gained in the evaluation of outbreaks.

Summary
Chemical control of forest insects should be looked upon as an emergency
measure — a last resort, when natural controls or preventive measures
have failed and permitted a pest species to threaten serious economic
losses. It should be undertaken only after full consideration is taken of the
threat to the resource if it is not applied, the benefits to be gained, and the
possible side-effects of spraying. Spray projects should always be termi
nated at the earliest opportunity, i.e., as soon as pest populations have
been artificially reduced below economic levels of damage or when natural
controls again become effective enough to do the job.
In the application of forest sprays there are a number of procedures
that are usually followed to increase the effectiveness of the job and to
minimize harmful side-effects. (1) Spraying is ordinarily conducted only
when and where it is found to be absolutely necessary; (2) careful atten
tion is given to proper timing and to the minimum dosage that will insure
maximum kill of the pest species; (3) spray planes are usually controlled
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by airborne observers to make certain that the insecticide is applied
where it is needed and to avoid overdosing of some strips; and (4 ) the
spray is cut off over agricultural lands, streams, ponds or lakes, and
untreated borders are often left around the edges o f lakes.
It is fairly obvious that chemical insecticides occupy a very important
place in the protection o f forests and forest products from the ravages of
insects. Moreover, it appears likely that their use and effectiveness will be
expanded in the future as forest management intensifies and as research
develops improved materials and better and safer ways o f applying them.
There are some broad problems in the use of chemicals where research
is needed, if we are to utilize them most effectively and in the safest man
ner. For example, there is a need for the development of more selective
chemicals, i.e., insecticides that will kill target insects without causing
losses to other organisms. There is also need for research aimed at further
reducing the dosage now used against many insects. This might pay big
dividends in the control of outbreaks of some defoliators. Additional
research is also needed on the screening o f a rather large number of new
insecticides to learn of their worth against specific forest insects. Much
more research should be done on the possible use of chemicals as systemics,
for with these materials apparently the only insects that are affected
adversely are those that feed on or in the trees. Finally, and o f utmost
importance, there is a need for additional research on the immediate and
long-time effects of insecticides on the entire complex of forest organisms.
We believe we are on fairly safe ground as far as immediate effects are
concerned, but more facts are needed to be absolutely certain. So far, there
is no way of knowing what the long-term effects may be, even though it
is thought that they should not be severe, especially since only a small
portion of our forests are sprayed each year and since any one given area
is not frequently treated. Much study will be needed to establish the facts,
but work in this direction would contribute greatly to the most intelligent
and wisest use of chemicals in the forest.

DISCUSSION
Question:

Reports have been made that some applications of BHC in
water solution, especially those placed at the base of the
trees for control o f the southern pitch borer, have deteriorat
ing effects on the root systems of slash pine, and some
evidence is found that it caused extensive mortality in the
roots of seedlings. W ill you comment on that?
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I will refer this question to Mr. Leslie Orr of the Southern
Forest Experiment Station, since he and Thatcher experi
mented on this type of project at Nacogdoches, Texas.
(Mr. Orr)
We have no specific information that will answer that ques
tion. We do have information that BHC applied to the roots
o f seedlings is somewhat toxic. We are not ordinarily recom
mending emulsions of BHC for black turpentine beetle con
trol. We are using the oil solution, which I do not think
would reach the roots of any of these trees and have any
effect. If emulsions were used, it is possible that the roots
might be affected.
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POSSIBLE EFFECTS OF WIDESPREAD USE OF
FOREST CHEMICALS ON WILDLIFE POPULATIONS
JO H N L. GEO RG E, Bureau of Sport Fisheries and Wildlife
U. S. Fish and Wildlife Service
The Bureau of Sport Fisheries and W ildlife is aware of the need to con
trol pests of the plants and animals that furnish food, fiber, or forest crops
for a growing and ever more prospering American society. Also, it is aware
of the advantages in controlling insect vectors of human disease and in the
abatement of nuisance insects, and it believes in management of organic
resources by manipulation of populations. The Bureau must urge that this
control of pests be conducted without unnecessary or unwarranted harm
to fish and wildlife resources.
In the United States ownership of the fish and wildlife resources is vested
in the state or federal governments. All animals under federal jurisdiction
are migratory forms which have been placed under federal protection by
international treaty. The most familiar example of such protection is that
of migratory birds, effected by treaties with Canada and Mexico. Other
treaties have provided for the protection of marine mammals and fishes.
The remaining terrestrial forms are entrusted to the states. In effect, they
are under the trust of the people of the United States. Numerous state and
federal statutes provide for their protection and beneficial use.
Federal legislation recognizes the values of fish and wildlife. These values
in the past often have been appraised by such terms as “ invaluable” or
“ priceless” because many intangible aesthetic considerations are involved.
However, in 1955 the Fish and Wildlife Service arranged for a survey of
expenditures by hunters and fishermen. In that year expenditures for hunt
ing and fishing were about three billion dollars, and there were about
25,000,000 licensed sportsmen (Anonymous, 1956). Since then, the number
o f licensed sportsmen has increased by more than a third, and the price
index has gone up. On the Bureau’s wildlife refuges over 60 per cent of
the use is by people not engaged in hunting or fishing (U. S. Dept, of the
Interior, News Release P. M. 53743, April 22, 1959). If it is assumed that
nonsportsmen spend at the same rate as sportsmen, then the annual value
of the fish and wildlife resource can be estimated at several billion dollars,
without including value of commercial fisheries. This amounts to an average
expenditure, or value, of several dollars per year per acre in continental
140
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United States. Special excise taxes on Hunting and fishing equipment and
license fees are the main support of state fish and game departments, and
most states require no general tax funds to support these departments. These
figures in no way invalidate the purely aesthetic evaluations. In January,
1960, the Chief Forester of the United States Forest Service stated that
hunting and fishing had increased 259 per cent on the National Forests in
the last decade, and by the end of this century visits to the National Forests
are estimated at 600 million annually in place of the present 75 million
(McArdle, 1960).
Federal and state laws have been and are being enacted to regulate the
use of pesticides so as to protect wildlife. State laws are tending toward a
permit arrangement under which certain requirements must be met before
permission to apply pesticides is granted. Federal laws include the Insecti
cide, Fungicide, and Rodenticide Act of 1947, amended in 1959 (Nematocide, Plant Regulator, Defoliant, and Dessicant Amendment). This act is
administered by the Plant Pest Control Division of the United States Depart
ment of Agriculture and clearly states that wildlife values must be consid
ered in the registration and use of pesticides. The Food, Drug, and Cosmetic
Act was amended in 1954 (Pesticide Chemicals Amendment), and again
in 1958 (Food Additives Amendment). This act is administered by the
Food and Drug Administration of the United States Department of Health,
Education, and Welfare, which sets tolerances on pesticide residues in food.
Although this act does not concern wildlife directly, it has had great effect
on the procedures, dosage rates, and chemicals used in wildlife environ
ments. Public Laws 85—582 (1958) and 86—279 (1959) specifically direct
the Service to study the effects of pesticides on wildlife.
The first tests to determine the side-effects of pesticides were conducted
in cooperation with forest entomologists a decade and a half ago. These
cooperative studies by scientists of the Division of Forest Insect Investi
gations and the Fish and Wildlife Service provided the basis for recom
mended procedures to control forest insects and at the same time safeguard
forest wildlife populations.
Since the first cooperative experiments with DDT, however, the number
of pesticidal programs and chemicals used have increased enormously, and
pesticides have been broadcast in almost all environments, from croplands
to water areas. Some of these programs have been undertaken without pre
liminary tests to determine what effects the treatments may have on wild
animals. Observations of results have shown that the effects may be far
different from the effects of DDT applied to forest environments at the
rate of one pound per acre. Again it should be emphasized that foresters

142

THE USE OF CHEMICALS IN SOUTHERN FORESTS

are more ecologically minded than other groups. In general, effects of DDT
on fish and wildlife can be summarized briefly as follows:
1. No marked widespread and immediate changes occur in forest popu
lations of amphibians, reptiles, birds, or mammals after a single application
of one pound of DDT per acre.
2. Applications of two or more pounds of DDT per acre affect popula
tions of most vertebrate animals; five or more pounds per acre produce
serious mortality among most species.
3. Among vertebrates, mammals are the least sensitive to DDT, birds
are somewhat more susceptible, and cold-blooded animals are the most
sensitive.
4. Most aquatic organisms are more susceptible than terrestrial forms.
Some mortality of fish and shellfish can be expected after a single appli
cation in excess of 0.2 pound of DDT per acre to water surfaces. When
applications are repeated at weekly intervals, damage can be expected if
the individual treatments exceed 0.1 pound per acre.
These facts were taken into consideration in planning subsequent largescale programs for control of forest insects. The two most extensive of these
programs, those for control of the spruce budworm and the gypsy moth,
have involved treatment of about twenty million acres of forest up to the
present. There has been little widespread effect on vertebrates when appli
cations did not exceed one pound of DDT per acre. Studies of deposits of
DDT showed that only a small part, perhaps 20 per cent, reached the
ground. Where operational-control difficulties led to far higher rates of
treatment, there was mortality of wildlife. It is difficult to be sure that
treatments are carried out as planned, but it is very important that every
effort be made to insure that they are. Perhaps even more important than
avoidance of local overdoses is the necessity of keeping the chemical out
o f waterways.
Two recent serious die-offs of fish have emphasized the importance of
the above precaution. The first of these occurred during 1954 in the Miramichi River drainage in New Brunswick, Canada. A treatment of 0.5 pound
of DDT per acre resulted in the loss of up to 91 per cent of young Atlantic
salmon of three age groups and the loss of some adults (Kerswill and Elson,
1955). Salmon losses in a nearby stream that was not treated were negligible
— about 2 per cent. The DDT also caused very heavy reductions in popula
tions of stream insects. Recovery in numbers of certain kinds of insects was
noted the following year (Ide, 1957). The increase in midges provided food
for an excellent crop of under-yearlings, but small and large parr were
greatly reduced in numbers (Kerswill, 1956). Portions of the Miramichi
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River drainage were treated again in 1956 and 1957, with very much the
same results as in 1954 (Kerswill, 1957). The repetitive treatments have
largely undone the work of aquatic biologists who are managing this
resource, and they now predict a decline in the salmon runs (Keenlevside, 1959).
7
The other serious die-off of fish occurred in the Yellowstone River in
1955. Assistant Secretary of the Interior Ross Leffler (1958) estimated the
value of the fishery on this particular section of the Yellowstone to be
$20,000 per mile per year, in terms of expenditures by fishermen. As in
the Miramichi River there was a great reduction in numbers of aquatic
invertebrates. In the fall, about three months after DDT was applied at
one pound per acre for control of the spruce budworm, large numbers of
trout, whitefish, and suckers, including many or most of the young of the
year, were found dead along more than a one-hundred-mile stretch of the
stream. The loss o f food organisms appears to have been serious enough to
have caused the death of the fish, but the die-off was not completely under
stood. In the year following the treatment, 1956, there was a large hatch
of young trout, and fishing was good; in 1957, the recovery of bottom
organisms in the drainage area was judged to be complete except in
one stream.
Spruce-budworm control treatment of almost one million acres on three
National Forests in Montana during 1956 provided an opportunity for fed
eral and state biologists to observe the effects on aquatic life in thirteen trout
streams (Cope and Park, 1957). Numbers of aquatic and terrestrial inverte
brates were greatly reduced by the spray, even though maximum concentra
tion of DDT in water samples was 0.33 p.p.m. This maximum level was
recorded one-half hour after spraying; twenty-seven hours after spraying
no measurable amount o f DDT was present in the stream samples. Dead
insects continued to be carried downstream for five days, and trout fed
freely upon them. The trout, nevertheless, did not appear to be affected,
either by the toxicant or as a result of gorging upon the dead insects. Before
the end of the season, some repopulation of aquatic insects began in certain
of the streams. In most of the streams recovery of insect populations con
tinued during 1957 (Graham and Scott, 1958), and in one of two streams
that were studied intensively numbers appeared to be normal by September
of 1957. There was a slight decrease in numbers of trout in these two
streams, but live trout appeared to be in good condition despite the fact
that analysis of their tissues showed that they contained DDT. Eleven other
streams were studied less intensively but with results that were much the
same except that, in two o f five in which fish populations were checked,
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there were serious game-fish depletions — a loss of about 75 per cent during
the second year after treatment. This indicates again that long-range effects
may not be apparent until the second year. These studies are continuing, and
recent information indicates trout are still carrying DDT in their tissues.
The gypsy-moth eradication program in forests of the eastern United
States has produced essentially the same effects on fish as have most opera
tions for spruce-budworm control (Hoffman and Surber, 1949), except that
no spectacular kills have been reported.
Studies of repopulation of streams by aquatic insects after treatment for
gypsy moth have shown that certain populations may not return to normal,
or at least not to pre-spray levels, even after a year. Blackflies, midges, and
certain mayflies readily reinhabited sprayed areas, but the caddisflies, cer
tain stone flies, and certain mayflies that are principal food items for larger
trout were reduced in numbers (Hoffman and Drooz, 1953).
Foresters in western areas often are concerned with extensive range
lands where grasshoppers or Mormon crickets are abundant. During the
past several years millions of acres were treated for control of these pests.
The usual treatments are: aldrin or heptachlor at 0.1 to 0.3 pound per acre;
chlordane at 0.5 to 1.0 pound per acre, or toxaphene at 1 to 1.5 pounds
per acre. The chemicals are applied as sprays for grasshopper control and
in bran or wheat baits for Mormon cricket control. Although the dosages
of aldrin and heptachlor are quite low, these compounds are many times
more toxic to fish and wildlife than is D D T ; feeding tests indicate they are
from fifteen to one hundred times more toxic to some species. In areas
where grasshoppers and Mormon crickets are a problem, there is no forest
canopy to partially screen the poison, so the full dose reaches the ground.
Reports indicate that mortality of certain kinds of animals can be moderate
to severe, especially if aquatic habitats are treated. In prairie marshes two
ounces o f aldrin per acre killed from one-sixth to one-third of the young
ducks (Knedel, 1951, 1952). These losses apparently were the result of
the birds eating contaminated foods. Other losses, of songbirds, apparently
were due to a shortage of food (Eng, 1952). One pound of chlordane per
acre has been reported to cause a loss of one-half in the production of the
marsh birds in an area (Hanson, 1952). Toxaphene has caused some losses
of ducks and coots at 1.5 pounds per acre (Knedel, 1951) and has caused
very heavy losses of young birds at 2 pounds per acre (Hanson, 1952).
Losses of fish and aquatic invertebrates have sometimes been heavy.
Aldrin, heptachlor, and toxaphene all have been shown to be very potent
poisons in the laboratory and in the field. Heavy kills of crayfish followed
application of 0.25 pound of heptachlor per acre (Thorfinnson, 1952), and
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fish kills have followed applications of toxaphene that were as low as 0.1
pound per acre (Tarzwell, 1950). Unpublished reports of observations in
Montana during the summer of 1958 reveal heavy depletions of aquatic
insects and disappearance of trout in some streams after treatment for
grasshopper control.
Certain other control programs, such as the one for Dutch elm disease,
do not involve area-wide treatments, but when all applications are totaled
they amount to large acreages. It has been estimated that the equivalent of
over 2,000,000 acres has been treated, if it is assumed that spraying of each
elm tree affects 0.5 acre. Dosages in this type of treatment are from 2.5
to 5 pounds of DDT per tree, depending on the type of treatment. This is
roughly a dosage of from five to ten pounds per acre, but dosages of up to
196 pounds per acre have been reported (Blagbrough, 1952). These dosages
are large enough to cause serious mortality among insectivorous birds in
local areas. Numerous recent reports in our files indicate that mortality has
occurred as a result of treatments for Dutch elm disease control.
Bureau studies during 1959 were concentrated in Michigan and Wiscon
sin, through research contracts with educational institutions. Severe reduc
tion of songbirds occurred in both areas. The Wisconsin studies were by
L. Barrie Hunt, under the direction of Dr. Joseph J. Hickey, and covered
sample areas throughout southeastern Wisconsin (1960). In unsprayed
communities (Mad ison, Portage, and Stoughton) songbirds numbered 409
pairs per hundred acres. In sprayed communities (Janesville, Wauwatosa,
and Shorewood) populations ranged from 31 per cent to 90 per cent lower
on study plots. The familiar robin was especially hard hit in the sprayed
communities; there were fifty times as many robins in the average unsprayed
community as in the most heavily treated community. House sparrows
appeared to be little affected by the spray. Similar results in Michigan have
been reported (Mehner and Wallace, 1949; Wallace, 1959), and studies
there are continuing (Wallace, unpubl.).
Herbicides used to control undesirable vegetation in forest, crop, or
residential areas have not produced any spectacular kills of higher animals
in terrestrial habitats. Many are not nearly as toxic as most insecticides.
Indirectly, through modification of habitat, they do influence wildlife pop
ulations. In some places the change may have been beneficial in ridding an
area of certain nuisance mammals. Experiments are under way to determine
whether herbicides can be used to promote environments that will support
populations of desirable species of wildlife. These experiments, in both
upland and wetland areas, are designed to show how to produce a reasonably
stable or maintainable plant community that is both productive and attrac
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tive as well as functional for the particular location (Allen, 1953).
In addition to the field problems encountered in the major pesticidal
programs now in operation, there are certain other factors to consider in
the relationship of pesticides to wildlife. Immediate mortality o f individuals
is not the only cause for concern. Effects that are long delayed still may
be serious. Recently an important indirect effect was reported: species
feeding on earthworms died from pesticide poisoning a year after the area
was treated (Barker, 1958). The earthworms, known to be relatively resist
ant to DDT and capable o f storing it in their tissues, continued to live while
containing reservoirs o f DDT sufficient to cause secondary poisoning of
their predators. Studies in progress give indication that other pesticides
also can be stored by resistant organisms. Few studies have been made to
determine what effect this phenomenon has on wild populations, but field
reports from several localities in the midwestern United States suggest that
storage of poison by food organisms may be the reason why the numbers
o f certain birds are being reduced in local areas. Effects of this sort of
poisoning on woodcock are being studied at Louisiana State University
under contractual arrangement with the Bureau.
Another relatively recent finding in laboratory studies is that adult bobwhite quail and ringneck pheasants that are fed sublethal amounts of pesti
cides may appear to be quite normal and yet be deficient in reproductive
potential. Consumption of very minute amounts of several commonly used
chlorinated hydrocarbons may produce these effects. Consumption by
pheasants o f one two-hundred-thousandths of an ounce per day for a twomonth period resulted in production o f eggs of reduced hatchability and
o f chicks subject to high death rates (DeWitt, 1956). Bobwhite showed the
same effect when they were fed one-fifth this amount. Penned quail whose
diets contained DDT at the rate of three ounces per ton of food produced
eggs in which fertility was reduced 30 per cent. Compared to quail on
standard diets, they produced 33 per cent fewer chicks per hen, and 800
per cent more crippled chicks (DeWitt, 1958). More than 90 per cent of
the chicks from the experimental birds died within six weeks, even though
the chicks themselves were fed no contaminated food. This again is a
phenomenon not yet evaluated in the field. Many studies show poor repro
ductive success, but usually it is due to mortality of breeding adults.
Still another problem of widespread importance is the delayed entry of
toxic materials into aquatic environments. Even though waterways may be
avoided in the initial pesticide application, it is possible that rains may
wash the chemicals into lakes and streams, and thus poison fish or fish food
(Tarzwell and Henderson, 1957). This type of poisoning has been demon
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strated by L. A. Young and H. P. Nicholson (1951). Just how frequently it
occurs is a matter of conjecture. Early studies with DDT sprays in forests
showed little poisoning from this cause (Hoffman and Surber, 1949). River
studies by the United States Public Health Service indicate at least some of
our major river systems are polluted with pesticides.
Even with great care it is not always possible to predict side-effects fully
in advance. To control a bothersome gnat, Clear Lake, California, was
treated in 1949 with DDD, a compound relatively non-toxic to vertebrates,
at 0.01 to 0.02 p.p.m. (Cope, 1948; Lindquist and Roth, 1950; Rudd and
Genelly, 1956). Treatment was repeated in 1954 and 1957. The summer
breeding colony o f western grebes disappeared soon after the first treat
ment. In November, 1957, hundreds of wintering grebes died. Both the
breeding and wintering populations have rather clearly shown to have been
affected through the fish the birds ate. Samples of tissue from fish and
grebes contained very high concentrations of DDD, up to 1600 p.p.m. in
grebes and 2500 p.p.m in fish. For this reason control operations were
suspended in 1958, despite the fact that larval counts of gnats in 1958 were
the highest on record (Rudd, 1958; Hunt and Bischoff, 1960).
The forester should not judge the effects of all large-scale pesticidal pro
grams on the basis of what he sees in his own work or reads about in con
nection with other forest-insect control programs. The problems of insect
control on agricultural land often are different. For example, in the pro
gram for eradication of the imported fire ant, heptachlor or dieldrin has
been used at the rate o f two pounds of technical material per acre. Labora
tory studies show that these compounds are from fifteen to twenty times as
toxic to quail and pheasants as is DDT. Applications then are somewhat
comparable to dosages of from thirty to forty pounds of DDT per acre —
many times greater than the one pound per acre considered relatively safe
for wildlife in forested areas. These applications are in the process of
being reduced.
In appraising the effects of pesticide use and in making decisions of
when to initiate pesticidal programs, it is important to weigh losses against
possible gains. Although few pesticide applications are made primarily for
the benefit o f wildlife, anything that prevents the widespread death of
forests and the fires that probably would follow tends to maintain forest
wildlife. When forests are preserved, necessary cover is maintained, erosion
is prevented, silting and warming of streams are avoided. In general, moist,
moderate to cool environments are maintained in stratified layers. These
conditions promote forest wildlife survival and abundance.
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Recommendations
Chemical-control workers should use all available knowledge to select
the toxicant, formulation, dosage, equipment, and operating procedure that
will give reasonable control while inflicting a minimum of damage to fish
and wildlife. At times alternative methods of control should be considered.
They may be more costly, but the public generally will support a more
costly but safer operation.
It should be obvious from the generalizations on the effects of DDT that
any applications in excess of five pounds per acre will produce serious
mortality of wild animals. Some direct mortality, particularly of aquatic
organisms, may be produced at low dosage rates — rates as low as 0.2
pound of DDT per acre. Many of the newer pesticides are more toxic than
is DDT. A summary of relative toxicities of pesticides is being prepared
by the Bureau.
In addition to these general precautionary measures, the Bureau spe
cifically recommends that in forest areas:
1. Insect infestations should be treated before they reach upper drainage

areas or before they cover large acreages so that, if damage to wildlife does
occur, repopulation can proceed more quickly.
2. Careful ground-to-plane control should be provided to restrict appli
cation to intended areas, to insure even coverage, and to prevent local
overdosage.
3. Direct application to streams, rivers, ponds, and lakes, or to sites
where rapid leaching into nearby aquatic areas might occur, should be

avoided unless the rate of application is less than the amount equivalent
in toxicity to 0.2 pound of DDT in oil solution per acre. In forested areas
dosages should not exceed one pound of DDT or its equivalent per acre.
4. When an insecticide is used in an emulsion, the quantity should
be reduced because of the greater toxicity of this formulation to aquatic
animals.
5. Applications around the edge of lakes should be made with small
planes and when wind velocity is low. Where possible, ground equipment
should be used.
6. Pilots should avoid turns over streams, rivers, and lakes and should

avoid using these areas as boundaries for control operations.
7. Applications of the more toxic materials should be avoided as far as
possible during the brooding period of birds.
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Conclusions
In continuing research designed to find ways to protect wildlife popula
tions from damage by pesticides, wildlife biologists must join forces in
cooperative studies with entomologists and other experts to determine the
toxicity levels for different poisons in various formulations and in different
environments, over short as well as long periods. Only such cooperative
ecological investigations of the interrelationships of the various wildlife
species, their environment and food, the toxicant and the degree of expos
ure, together with data on other means of control, will give scientists the
factual basis for making proper recommendations. Forest biologists point
out that most insects and fungi are beneficial. Pest control should be efficient
and economical, but chances are that other methods could be used in each
specific instance. Added expense alone should not be the only criterion in
deciding on the method to be used, if side-effects can be lessened with
increased cost. In a democracy these value judgments must ultimately be
made by society
a society which has a factual knowledge based on
research and therefore is in a position to make enlightened decisions. Ameri
cans still have time to make their final decisions because there is an abund
ance of food in this country. As populations increase, efficiency of food
production will become more and more important in deciding methods of
pest control. It is important that during the next decade or two research
scientists be given the opportunity to devise a variety of methods whereby
the advantages o f pest control can be secured without serious disadvantages.
Some o f these surely will be more imaginative and ecologically more excit
ing than the array o f chemicals we have today.

DISCUSSION
Question:

Will you discuss the build-up of residues primarily from DDT
application on a wide scale which has received quite a bit
o f publicity in recent months?

Mr. George:

Where the build-up occurs in certain microorganisms, or
even macroorganisms which are of primary food value, the
Fish and W ildlife Service is concerned. We have underway
a study of woodcock, because woodcock winter in a fairly
restricted area. About 70 per cent of them winter in Louisiana
and neighboring states, often in areas that may be chosen
for fire ant control. Fire ant control recommendations are —
or have been — two pounds of heptachlor per acre, although
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by now it may be down to two quarter-pound treatments per
acre in some cases. It has been found that earthworms will
continue to live in the areas treated with heptachlor. Studies
made at Louisiana State University show that living earth
worms in areas so treated contain up to ten parts per million
o f heptachlor epoxide a year after treatment. This is enough
to kill a bird that is feeding almost entirely on them.
Also of concern is the fact that quite a bit o f DDT is being
found in many environments. Our concern is aroused because
it is there and it is potentially harmful, although in many
cases it is locked away. It is important to remember: (1)
DDT breaks down fairly slowly, but it does break down;
(2 ) even though present, it may not be toxic because it is
bound either to organic or to inorganic particles in the
environment. As I understand it, this chemical or physical
union is so strong that toxicity does not present too great a
hazard because it is difficult to break the union down, even
in the laboratory. Still, the DDT is there, and when the union
is broken down, the DDT is still toxic. In some areas I under
stand that it is difficult to obtain acceptable seed germination
or growth of young trees. These are areas that have a very
great residue o f DDT. This could be important to the forester.
When the seedling penetrates the toxic layer, usually the top
layer, then it will grow perfectly satisfactorily. This has
occurred in orchards where applications of twenty-five or
thirty pounds of DDT per acre per year are used, year
after year.
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